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Executive  Summary 

Conclusions 

The  major  conclusions  of  this  study  are  as  follows: 

1.  The  Montana  coal  market  through  the  1971-1985  period  has  been 
relatively  stable  due  to  locational  advantage  in  Minnesota,  Wisconsin, 
Michigan  and  by  wire  to  the  Pacific  Northwest  (PNW). 

2.  The  very  large  relative  growth  in  Wyoming  is  due  to  three  factors: 
a)  locational  advantage  to  a  much  larger  market  including  south-central  oil 
and  gas  states,  b)  major  shifts  from  oil  and  gas  generation  to  coal  due  to 
rising  world  oil  prices,  and  c)  the  expansion  of  the  low  sulfur  coal  market 
under  the  New  Source  Performance  Standards  for  sulfur  dioxide  emissions  in 
1971. 

3.  The  cost  differentials  related  to  locational  advantage  (transportation) 
and  air  pollution  regulations  (scrubbers)  are  on  the  order  of  $5  to  S15/ton. 
Cost  differentials  due  to  Montana  and  Wyoming  coal  severance  taxes,  which  are 
more  on  the  order  of  $l/ton,  have  had  an  insignificant  market  impact. 

4.  In  all  likelihood,  most  existing  contracts  with  Montana  producers 
that  will  expire  in  the  mid-1990's  will  be  renewed  even  in  the  absence  of 
severance  tax  reductions. 

5.  Based  on  industry  sources  and  known  new  contracts,  the  Montana  coal 
industry  is  in  for  steady  3%  to  4%  annual  growth  out  to  1988,  reaching  42 
million  tons  per  year  (mtpy). 

6.  The  long  term  forecast  for  Montana  coal  production  is  for  substantial 
growth  to  between  48  and  85  mtpy  in  the  year  2000,  depending  on  the  growth 
rate  of  electrical  consumption  in  the  market  area. 


7.  Reclamation  policies  and  potential  add  rain  legislation  are  unlikely 
to  significantly  Impact  Montana  production  during  the  next  IS  years. 

8.  The  impact  of  a  $1  price  reduction  on  Montana  coal  production  is 
slight--around  1.5  mtpy  increase  in  1990  and  199S  and  6  mtpy  in  the  year  2000, 
at  a  2%  electrical  growth  rate. 

9.  Severance  tax  reductions  will  in  no  case  generate  sufficient 
increased  production  to  offset  tax  revenue  losses  on  new  production  that  will 
occur. 

10.  Revenue  losses  of  a  50%  reduction  ($1.50)  1n  severance  tax  for  new 
production  will  rise  from  $10  million  per  year  in  1990  to  S34  million  per  year 
in  2000.  The  same  reduction  on  the  production  of  all  coal  will  amount  to  a 
loss  for  the  state  of  $58  million  per  year  1n  1990  and  $83  million  per  year  in 
2000. 

11.  The  net  present  value  of  lost  tax  revenues  to  the  year  2000  on  a  50% 
tax  reduction  on  new  production  only  Is  $105  to  $205  million,  depending  on 
growth  in  electrical  sales.  The  net  loss  on  all^  production  of  a  50%  reduction 
In  tax  Is  $685  to  $785  million  to  the  year  2000. 

In  the  following,  the  analysis  underlying  these  basic  conclusions  is 
briefly  summarized.  The  Interested  reader  seeking  greater  detail  is  referred 
to  the  full  report  and  an  earlier  analysis  completed  in  1982  for  the  Office  of 
Surface  Mining,  entitled  "Projections  of  Coal  Demand  from  the  Northern  Great 
Plains  through  the  Year  2010." 
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Introduction 

This  paper  provides  an  economic  analysis  of  the  market  for  Montana  and 
Wyoming  coal.  The  basic  purpose  of  the  study  is  to  provide  a  Montana  coal 
production  forecast  to  the  year  2000  and  show  the  sensitivity  of  this  forecast 
to  three  policies:  The  coal  severance  tax,  acid  rain  legislation,  and 
reclamation  policies.  The  focus  is  entirely  on  the  derived  demand  by  coal- 
fired  plants  in  the  electric  utility  sector.  This  category  of  use  currently 
accounts  for  about  95%  of  Northern  Great  Plains  production.  As  developed  in 
some  detail  elsewhere  (Duffield  et  al ,  1982),  the  other  current  and  potential 
users:   (industrial,  synfuels,  and  export)  are  unlikely  to  be  significant 
before  the  turn  of  the  century. 

For  purposes  of  our  analysis,  the  electric  utility  market  for  coal  can  be 
divided  into  three  categories:  existing  contracts,  new  plants,  and  "acid 
rain"  plants.  These  categories  correspond  to  three  different  vintages  of 
coal-fired  generating  units.  Existing  contracts  are  mostly  for  plants  that 
came  on  line  from  around  1968  to  the  present,  new  plants  are  those  coming  on 
line  in  the  future,  and  "acid  rain"  plants  are  older  plants  built  under 
lenient  sulfur  emission  regulations.  Our  basic  conclusions  for  each  market 
will  be  summarized  in  turn. 
Existing  Plants  and  Contracts 

The  dominant  factor  explaining  the  pattern  of  current  contracts  for 
Montana  and  Wyoming  coal  is  location.  For  example,  given  the  existing  rail 
network,  Colstrip  area  coal  has  a  240  mile  edge  over  Wyoming  Powder  River  for 
shipments  east  to  Minneapolis.  However,  to  the  south  (Texas,  Oklahoma,  etc.) 
Gillette  area  coals  have  a  330  mile  advantage.  At  the  current  averaqe  rate 
for  coal  unit  trains  of  .017  $/ton-mile,  the  respective  advantages  are 
$4.08/ton  to  Montana  in  some  north-central  markets  and  $5.6l/ton  advantage  to 
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Wyoming  to  the  south.     This  difference  Is  very  Important  and  has  the  same 
impact  on  delivered  price  as  an  equivalent  difference  in  FOB  mine  price. 
Because  of  these  very  Important  locational   differences  vis-a-vis  markets  and 
existing  rail   routes,   there  are  He^^  defined  spatial  markets  for  Montana  and 
Wyoming  coals. 

Between  1071  and  1985,  176  major  new  coal-fired  plants  were  built  in  the 
19  state  coal  market  In  which  Wyoming  and  Montana  compete.     In  this  period 
there  were  only  six  states  where  new  plants  were  burning  Montana  coal  as  they 
came  on  line:     Montana,  Minnesota,  Wisconsin,  Illinois,  Michigan  and  Texas. 
(The  deliveries  to  Texas  were  for  Decker  and  Spring  Creek  coals,  which  are 
located  only  125  miles  north  of  Gillette,  and  can  compete  on  some  longer  rail 
hauls  due  to  their  higher  BTU  content,)     Market  shares  in  the  19  state  area 
for  three  specific  time  periods  1971-1975,  1976-1980,  and  1981-1985  are 
summarized  in  Table  S-1.     As  can  be  noted,  the  Montana  market  share  has  been 
relatively  stable  at  around  10%,  while  the  Wyoming  share  jumped  dramatically 
from  \f)%  to  53%  between  1971-75  and  1976-80. 

As  developed  In  some  detail   in  the  report,   the  change  in  the  Wyoming 
market  Is  mainly  due  to  the  dramatic  Increase  in  oil  and  gas  prices  following 
the  Arab  oil  embargo  of  1973-74.     Prior  to  that  time  almost  all   electric 
generation  In  the  large  south-central  market  of  Arkansas,  Louisiana,  Oklahoma, 
Nebraska,  and  Texas  was  by  oil  and  gas.    Between  1971-1975  there  were  only 
four  new  coal-fired  plants  brought  on-line  In  this  area  (all   in  Texas)  and 
none  used  Wyoming  coal.     However,  between  1976  and  1985,  51  coal -fired  plants 
were  built  and  41  of  these  burned  Wyoming  coal,  accounting  for  increased 
Wyoming  prodution  of  about  66  million  tons  per  year.     By  contrast,   Montana 
picked  up  only  a  share  of  several   new  Texas  plants  in  the  south-central  area 
in  this  period  or  about  4  million  tons  per  yea". 
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Table  S-1 


Market  Share  Summary 

for  New  Coal -Fired  Plants 

in  the  19  State  Market  Area* 


Time  Period: 

On  Line  Date 

Coal  Source 

71-75 

76-80 

81-85 

Total 

Montana 

#  of  plants 
mw  capacity 
share  of  mw 

5 
1744 
.080 

9 
3589 
.095 

6 
2929 

.107 

20 
8262 
.095 

Wyoming 

#  of  plants 
mw  capacity 
share  of  mw 

10 
3392 
.156 

38 

19785 

.526 

35 

17121 

.623 

83 

40298 

.464 

Other 

#  of  plants 
mw  capacity 
share  of  mw 

31 

16664 

.764 

26 

14255 

.379 

16 
7420 
.270 

73 

38339 

.441 

Total 

#  of  plants 
mw  capacity 

46 
21800 

73 
37629 

57 
27470 

176 
86899 

AR,  CO,  IL,  lA,  IN,  KS,  LA,  MI,  MN,  MO,  MT,  NB,  ND,  OK,  OR,  SD,  TX,  WS,  and  WY 


The  other  major  market  factor  In  1971-1935  was  the  adoption  of  federal  New 
Source  Performance  Standards  (NSPS)  llmUing  sulfur  dioxide  (SO2)  emissions 
from  coal-fired  plants  to  1.2  lbs.  of  SO2  per  million  BTU's.  These  standards 
were  applied  to  plants  which  began  construction  after  September  1971.  Given  a 
construction  time  lag  of  five  to  eight  years,  these  standards  impact  coal 
source  choices  after  1976.  Most  Gillette  area  and  Montana  Decker  and  Spring 
Creek  coals  are  well  below  .fi%  sulfur  by  weight  and  high  enough  in  BTU  value 
that  they  can  meet  NSPS  without  scrubbing.  However,  Colstrip  area  coals  are 
around  .7%  to  .8%  sulfur  and  require  costly  scrubbing  to  meet  NSPS.  As  a 
result,  for  example,  new  plants  on  line  in  Wisconsin  after  1976  have  used 
Wyoming  coal  even  though  Montana  has  a  lower  delivered  price  due  to  locational 
advantage. 

In  1978,  sulfur  regulations  were  revised  to  require  scrubbing  on  all 
coals.  The  cost  of  scrubbing  low  sulfur  western  coals  is  around  $5.00  to 
$8.00/ton  (1980  dollars)  and  $15/ton  for  3.4%  sulfur  minois  coal.  These 
Revised  New  Source  Performance  Standards  (RNSPS)  mean  that  states  on  the 
fringe  of  both  the  Montana  and  Wyoming  markets  (Illinois,  Texas,  Louisiana, 
Arkansas,  etc.)  will  be  less  likely  to  buy  NGP  coal  than  in  the  past.  On  the 
other  hand,  most  of  the  relative  disadvantage  to  slightly  higher  sulfur 
Colstrip  area  coals  disappears  under  RNSPS. 

Locational  advantage  and  changes  in  sulfur  emission  regulations  account 
for  cost  differences  on  the  order  of  $5  to  $15  per   ton.  By  contrast  the 
effective  coal  severance  tax  rates  (as  a  %  of  selling  price)  for  Montana  and 
Wyoming  are  21%  and  11%  respectively.  On  typical  $10  to  $ll/ton  coal  this 
amounts  to  only  about  a  dollar  a  ton  difference.  For  typical  delivered  prices 
of  S25  to  $40  per  ton  (with  transportation  accounting  for  $15  to  $25  of  the 
cost),  coal  severance  tax  differences  are  relatively  small--2%  to  4%  of 
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delivered  price.  Needless  to  say,  very  small  differences  in  the  transportation 
rate  (for  example,  only  1  mill  per  ton-mile  differences  over  1000  miles)  have  an 
equivalent  effect. 

Changes  in  the  Montana  coal  market  share  by  state  for  new  plants  in  the 
1971-1985  period  were  analyzed.  There  were  no  cases  identified  where  the 
small  difference  between  Montana  and  Wyoming  coal  severance  taxes  were  a 
significant  factor  in  determining  the  least  cost  choice  of  the  utility 
purchasing  the  coal. 

The  major  conclusions  from  this  analysis  of  market  share  for  existing 
plants  are  as  follows.  The  Montana  coal  market  share  through  the  1971-1985 
period  has  been  small  but  relatively  stable  due  to  the  locational  advantage  in. 
Minnesota,  Wisconsin,  Michigan  and  by  wire  to  the  PNW.  The  very  large  relative 
growth  in  Wyoming  is  due  to  three  factors:  1)  locational  advantage  to  a  much 
larger  market  including  the  south-central  oil  and  gas  states,  2)  major  shifts 
from  oil  and  gas  generation  to  coal  due  to  rising  world  oil  prices,  and  3)  the 
expansion  of  the  low  sulfur  coal  market  under  the  NSPS  of  1971.  As  developed  in 
some  detail  in  our  main  report  only  the  Decker  and  Spring  Creek  coals  in  Montana 
benefited  significantly  in  this  period  from  the  NSPS. 

Our  forecast  for  production  related  to  existing  contracts  is  for  no  major 
changes  to. the  year  2000.  About  12  million  tons  of  current  production  is  tied 
to  contracts  that  are  up  for  renewal  in  1993-1995.  Almost  all  of  this  coal  is 
for  burn  sites  in  Minnesota  and  Wisconsin.  Our  analysis  indicates  that  most 
of  these  sites  continue  to  be  in  the  Montana  market  for  the  most  probable  set 
of  new  bid  prices.  In  the  late  1990' s,  some  Decker  and  Spring  Creek  contracts 
begin  to  expire  in  Illinois,  Texas,  and  Michigan.  These  have  not  been  closely 
analyzed  given  the  proximity  of  the  expiration  date  to  the  last  year  of  our 
forecast,  and  the  uncertainty  concerning  new  bid  levels  from  Decker. 
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New  P1ants--Near  Term 

Our  forecast  for  Montana  coal  production  Is  summarized  in  Figure  S-1.  As 
it  is  assumed  that  the  greater  part  of  existing  contracts  will  be  renewed,  the 
increases  we  project  are  based  on  the  steam  coal  market  due  to  new  plants  on 
line  after  1984.  The  near  term  forecast  (to  1988)  is  based  on  a  survey  of 
Montana  mines  undertaken  by  the  Montana  Governor's  office.  Montana  mines 
expect  production  to  increase  from  323   mtpy  (estimate)  in  1984  to  41.6  in 
1988.  Much  of  this  growth  is  due  to  contracts  for  a  new  plant  in  Michigan 
(Belle  River  #2)  and  Colstrip  3  and  4.  It  appears,  based  on  industry  sources, 
that  the  Montana  coal  industry  is  in  for  a  period  of  steady  growth  {3%   to  4% 
annually)  for  the  next  few  years. 

The  near  term  forecast  can  be  extended  to  1993  based  on  utility  ten  year 
plans  as  summarized  by  the  National  Electric  Reliability  Council  (NERC).  In 
the  historical  Montana  market  described  above  there  are  only  two  plants 
without  coal  contract  commitments  that  will  be  coming  on  line  to  1993, 
Northern  States  Power  (NSP)  Sherco  #3  In  1988  near  Minneapolis  and  NSP's 
Wisconsin  Coal  #1  in  1993.  These  units  combined  would  contract  for  about  4 
million  tons  of  coal.  Even  very  major  extensions  of  the  Montana  market  due  to 
substantial  price  reduction  could  at  most  add  to  this  another  7  million  tons 
of  potential  new  plant  market  by  1993  In  Iowa,  Missouri,  Nebraska  and  Indiana. 
There  Is  no  new  uncontracted  coal -fired  capacity  to  come  on  line  to  1993  In 
Montana,  Michigan,  the  Dakotas,  Nebraska,  Kansas,  Oregon,  Illinois,  or 
Wyoming.  This  new  production  range  of  4  to  11  new  mtpy  by  1993  is  an  upper 
limit  since  It  is  predicated  on  the  current  NERC  "sum  of  utilities"  forecast 
for  our  market  of  around  2.5X  electric  sales  growth  per  year.  This  is  down 
considerably  from  even  last  year's  NERC  forecast  of  around  3.2%. 
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Sherco  #3 

Because  U  1s  possible  that  the  only  new  plant  on  line  In  our  market  to 
19<?3  1s  NSP's  Sherco  *3,  we  have  closely  analyzed  the  relative  cost  of  Wyoming 
and  Montana  coals  at  this  burn  site.  We  have  used  costs  estimated  from 
delivered  prices  at  NSP  plants  In  the  Minneapolis  area.  NSP  Is  currently 
taking  deliveries  on  the  first  Wyoming  coal  contracts  ever  In  Minnesota 
(historically  Montana's  market).  This  coal  Is  from  a  new  mine,  the  Rochelle, 
with  relatively  high  BTU  content  (8900)  and  a  mine  mouth  price  of  only  $6.00  a 
ton.  On  a  delivered  price  basis,  this  coal  Is  about  $l.ll/ton  (or 
8.3^/MMBTU)  cheaper  1n  Minneapolis  than  Colstrip  deliveries  under  old 
contracts  at  around  $11.00  a  ton.  This  Is  In  part  due  to  the  new  rail 
extension  Into  the  southern  Powder  River  by  Chicago  Northwestern  and  Union 
Pacific,  which  are  apparently  underbidding  Burlington  Northern  by  about  1  mill 
per  ton-mi le--good  for  around  $1.00/ton  on  1,000  mile  deliveries.  In  general 
both  Wyoming  and  Montana  new  bid  prices  (for  8400  to  8700  BTU  coal),  estimated 
to  average  $7.70/ton  and  $9^0/ton  respectively,  are  below  the  current  average 
prices  for  existing  contracts  of  $9.77/ton  Wyoming  and  $11.00/ton  for  Montana. 
In  short,  market  conditions  are  leading  to  price  reductions,  which,  in  some 
cases,  are  quite  substantial. 

When  we  compare  potential  new  bids  at  Sherco  #3,  taking  a  low  Wyoming  bid 
(%eSiO   on  8900  BTU  coal)  and  an  average  Montana  bid  ($9.50  on  8700  BTU  coal), 
we  show  Montana  with  a  $1.08  a  ton  advantage,  or  about  6.2^/MMBTU.  Since 
CNW  does  not  deliver  directly  at  the  Sherco  #3  site,  we  have  assumed  equal 
ran  rates.  A  more  typical  Wyoming  bid,  at  $7.70  and  8450  BTU  would  make  the 
advantage  to  Montana  even  greater,  at  about  $2.80  per  ton. 

There  are  three  "wild  cards"  here:   the  FOB  bid  prices,  uncertainty  over 
rail  rates,  and  the  basis  for  the  NSP  decision.  On  the  Wyoming  FOB,  a  bid 


lower  than  $6.00  for  8900  RTU  coal  seems  doubtful.  On  the  Montana  FOB,  it  is 
unclear  why  to  date  Montana  producers  have  not  matched  Wyoming  price 
reductions.  An  analysis  of  production  costs  was  initially  proposed  for  this 
study,  but  not  funded,  and  is  beyond  the  scope  of  our  current  investigations. 
Conservatively  assuming  that  Montana  producers  can  go  to  at  least  $9.50  FOB, 
it  is  likely  this  would  be  the  low  bid  for  delivered  coal  at  Sherco  #3. 

Rail  rates  are  the  fastest  rising  part  of  the  price  puzzle  for  electricity. 
As  long  as  they  do  not  rise  differentially  between  carriers  of  Montana  and 
Wyoming  coal,  we  should  be  competitive  in  markets  where  rail  distance,  BTU 
content  and  sulfur  content  make  Montana  coals  the  least  cost  choice. 

The  third  "wild  card"  is  the  basis  of  the  NSP  decision.  It  has  been 
asserted  that  at  least  at  some  utilities  there  Is  a  "subjective  bias"  against 
Montana  coal  because  of  our  severance  tax  and  "antibusiness  attitude."  It 
appears  to  us  that  utilities  have  to  pay  close  attention  to  even  rather  small 
differences  in  price.  For  example  the  estimated  $1.08/ton  or  6.2fi/MMBTU 
difference  at  Sherco  #3  for  Montana  coal  amounts  to  about  $2  million  per  year 
or  $60  million  over  the  plant  life  on  fuel  costs  alone.  Our  conclusion  here 
is  that  for  typical  new  bid  prices  and  similar  rail  costs,  Montana  will 
continue  to  dominate  the  Minnesota  market.  Even  taking  a  very  low  Wyoming  bid 
and  an  average  Montana  price,  we  show  a  continued  locational  advantage  to 
Montana  producers. 
New  Plants—Long  Term 

Our  long  term  forecast  for  Montana  coal  production  is  also  shown  in  Figure 
S-1.  The  key  uncertainty  here  has  to  do  with  the  growth  rate  of  electrical 
consumption  in  our  market  area.  We  illustrate  the  difference  between  1%,  2%, 
and  2%   electric  sales  growth  scenarios.  In  the  year  2000,  the  "3V'    forecast 
results  in  85.4  mtpy,  or  almost  double  the  1%  case  at  48.3  mtpy.  The 
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sophisticated  forecasting  models  being  applied  to  the  Pacific  North»*est  by  the 
Northwest  Power  Planning  Council  (NPPC)  and  Bonneville  Power  Administration 
(SPA)   are  predicting  growth  at  around  l.S%  to  the  year  2000,    with  zero 
probability  of  growth  greater  than  3%.     On  the  other  hand  utilities  in  the 
midwest  are  building  to  meet  growth  no  greater  than  around  2.S%.    On  this 
basis,  we  have  chosen  2%  as  our  base  case,  and  performed  sensitivity  analysis 
on  our  major  results  at  both  1%  and  3%. 

Our  long  term  forecasting  model  has  three  key  components:     a  spatial  market 
model,  electric  growth  forecast,  and  an  Interfuel   substitution  algorithm.     In 
our  spatial   market  model  we  Identify  the  geographical  area  where  Montana  coal   is 
least  cost  against  seven  competing  coal   supply  centers  including  Texas,   Wyoming, 
Utah,   and  Illinois.     As  detailed  In  the  report,   we  Incude  all  costs  associated 
with  burning  a  specific  coal.  Including  air  pollution  control   costs  (scrubbers), 
boiler  size  due  to  BTU  content,   transportation,  etc.     Costs  are  on  a  present 
value  basis  over  the  life  of  a  prototype  500  mw  generating  unit,  and  include 
fuel   and  transportation  escalation  assumptions. 

The  results  of  a  typical  computer  run  of  the  model   Is  the  spatial  map 
illustrated  In  Figure  S-2.     The  results  Indicate  that  at  $9.50/ton  Montana 
versus  $7.70  per  ton  Wyoming,  the  Montana  market  Includes  most  of  Minnesota, 
Wisconsin,  Michigan,  Washington,  Montana,  and  northern  Idaho.     Because  the  model 
is  based  on  the  assumption  that  a  coal   supply  center  Is  a  single  point,  the 
Montana  market  is  overstated  to  the  extent  that  there  are  many  potential  mine 
locations  within  a  given  coal   production  region.     For  example,  we  have  ignored 
Central  Basin  coals  in  Iowa  and  Missouri,  and  in  Wyoming  the  supply  center  we 
use  is  to  the  south  of  Gillette  at  Bridger  Junction.     Because  of  extensive  coal 
deposits  throughout  Wyoming  and  North  Dakota,  the  latter  are  excluded  from  the 
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Montana  market  In  all  cases.  Mine  mouth  generation  using  North  Dakota 
lignites  has  historically  served  electric  growth  In  both  the  Oakotas. 

Once  a  spatial  market  Is  Identified,  the  total  electric  generation  In 
that  market  Is  estimated.  Known  projected  and  existing  nuclear,  hydro,  oil 
and  gas,  and  exislting  coal  generation  is  then  subtracted  on  a  state  level  to 
estimate  residual  (new  coal)  generation. 

Using  this  model  we  have  Identified  the  spatial  market  (and  coal 
tonnages)  associated  with  alternative  prices  of  Montana  coal:  no.50,  $9.B0, 
$8.50,  $7.50,  and  $6.50.  Comparison  of  the  results  at  $10.50  and  $9.50,  for 
example,  provides  a  basis  for  predicting  the  new  coal  production  associated 
with  a  %lJdO   price  cut  (due  to  severance  tax  change,  etc.).  Because  o^ 
uncertainties  in  Wyoming  prices,  we  ran  the  model  for  both  a  $"'.70  and  $6.00 
Wyoming  case.  The  results  for  our  base  case  are  summarized  in  Table  S-2.  A 
major  finding  is  that  because  of  Montana's  locational  advantage  in  the  north- 
central  region  and  PNW,  there  is  likely  to  be  steady  and  substantial  growth  in 
coal  production  even  without  price  reduction.  The  second  major  finding  is 
that  the  incremental  production  associated  with  a  given  $1.00  price  reduction 
is  small,  averaging  around  1.5  mtpy  in  1990  and  1995  and  6  mtpy  in  the  year 
2000  against  the  base  prices,  all  for  2%   growth. 

As  developed  In  considerable  detail  in  the  main  report,  price  reductions 
in  every  case  expand  our  market.  However,  in  many  cases,  the  new  areas  where 
we  become  competitive  have  no  potential  new  coal  generation  to  the  year  2000. 
For  example,  Illinois  has  a  very  large  amount  of  nuclear  capacity  (about  8000 
mw)  coming  on  in  the  next  few  years  and  shows  no  need  for  new  coal  in  even  a 
3%  growth  scenario.  Similarly,  In  the  Pacific  Northwest  we  have  relied  on  the 
NWPPC's  forecast  of  loads  and  resources.  Only  in  the  "high"  case  (3%  growth) 
Is  there  any  need  for  new  coal  In  the  Northwest,  and  then  only  In  the  year 
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Table  S-2 


SUMMARY 


Base  Case  Montana  Coal  Production  Forecast 
(million  tons  per  year) 


Year: 


1990 


1995 


2000 


Electric 

Growth  Rate:    U    2%    3%     1%    2%    2%  1%  2%  3% 


Total 
Production 


38    42    43     42    46    65      48    63    85 


New 
Production 


9    11     10    14    32      16    31    53 


^Increase  for 

$l/ton  Price 

Reduction       .9    1.5    1.3    1.6    1.2    6.9    1.0    5.7  13.5 


Note:  ^Increase  is  based  on  average  of  9.50  and  10.50  Montana  FOB  and  6.00, 
7.70  Wyoming  FOB  cases. 
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2000.  This  Is  due  In  part  to  the  conservation,  hydro,  and  combustion  turbine 
resources  expected  In  the  Northwest. 
Acid  Rain  Plants 

Another  potential  market  for  Montana  coal  is  the  set  of  older  plants, 
mainly  in  the  midwestern  states,  that  currently  burn  high  sulfur  fuels. 
Because  of  the  Increased  scientific  evidence  that  links  coal-fired  electric 
generating  plant  emissions  of  SO2  with  acid  precipitation  Impacts,  a  number  of 
bills  were  proposed  In  the  last  Congress  to  reduce  SO2  emissions  by  8  to  12 
mtpy.  The  bills  are  of  two  major  types.  The  Sikorsky/Waxman  Bill  (HR3400) 
for  example,  would  require  scrubbers  on  the  "top  50"  emitters  and  leave  a 
potential  of  30  to  50  mtpy  of  high  sulfur  coal  use  that  could  be  switched  to 
low  sulfur.  The  other  type  of  bill,  typified  by  S2001,  the  Durenburger  Bill, 
would  have  no  explicit  technology  forcing  provisions.  Utilities  would  be  free 
to  choose  the  least  cost  mix  of  scrubbing  and  switching  on  their  system.  At 
present  there  is  a  great  deal  of  uncertainty  over  the  target  level  of 
reduction  and  the  means  of  achieving  that  reduction. 

While  the  potential  "acid  rain"  market  for  the  NGP  may  be  anywhere  from  37 
to  117  mtpy,  the  actual  share  will  depend  critically  on  the  type  of  legislation 
(scrub  or  switch)  and  on  the  unit-specific  economics.  Many  of  the  older  plants 
designed  for  bituminous  coals  may  not  be  able  to  burn  the  low  BTU,  high  ash, 
high  sodium  western  coals  or  only  at  a  large  expense.  An  analysis  has  been 
undertaken  by  ICF  that  takes  into  account  the  match  of  unit  and  coal  source 
characteristics  and  assumes  that  utilities  will  minimize  costs.  The  ICF  report 
estimated  that  by  1990,  acid  rain  legislation  would  add  only  10  mtpy  to  the  NGP 
market.  Based  on  historical  market  shares,  this  would  imply  perhaps  2.5  mtpy 
for  Montana.  In  short,  even  under  the  most  optimistic  scenario  (there  is  an 
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acid  rain  bill  and  it  allows  utilities  to  scrub  or  switch),  the  Montana  market 
for  acid  rain  plants  is  anywhere  from  0  to  3  mtpy. 

In  fact,  given  the  current  mood  of  the  National  Congress,  the  pull-back 
of  legislative  leaders  who  championed  acid  rain  reduction  in  the  last 
Congress,  and  the  Presidential  (E.P.A.)  assessment  of  new  study  requirements, 
it  appears  unlikely  that  acid  rain  reduction  will  be  mandated  by  the  Congress 
in  this  decade. 
Policy  Analysis 

We  have  analyzed  the  impact  of  three  policies  on  our  long  term  coal 
production  forecasts:  acid  rain  legislation,  reclamation,  and  severance 
taxes. 

Based  on  the  preceding  discussion,  we  conclude  that  new  contract 
potential  for  Montana  based  upon  some  form  of  SO2  reduction  does  not  seem 
likely,  or  is  at  best  very  small,  to  the  end  of  our  forecast  period.  As 
developed  in  our  main  report,  on  a  delivered  basis,  the  cost  of  reclamation  Is 
very  small,  perhaps  averaging  ZS)   to  2.5  cents  per  million  BTU  out  of  a 
delivered  price  of  $1.50  to  $1.60  per  minion  BTU.  In  addition,  state/federal 
rules  and  guidelines  applied  in  Individual  sites  offer  only  minor  differences 
between  Montana  and  Wyoming.  We  conclude  that  potential  changes  in 
reclamation  policy  are  very  unlikely  to  significantly  Impact  coal  markets. 

The  analytical  model  for  our  analysis  of  the  changes  in  the  Montana  coal 
severance  tax  is  summarized  in  Figure  S-3.  Given  the  demand  for  coal,  a 
reduction  In  severance  tax  (and  price)  has  two  effects:   revenue  is  lost  on 
existing  production  (area  A)  and  revenue  is  gained  (area  C)  on  new  production 
(taxed  at  the  new  reduced  rate).  As  shown,  there  is  a  net  loss  as  "A" 
outweighs  "C."  In  general  the  extent  of  net  loss  or  gain  depends  critically 
on  the  shape  of  the  demand  function.  A  convenient  statistic  used  by  economist 
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Figure  S-3 


Effect  of  a  Tax  Decrease 
on  Production  and  Revenue 


Price  (8/ton) 


Current     r 


11.00 


Severance -j 
Tax       Ls.TO 


50%  tax 
cut  to 
9.85 


lost  tax  revenue  on  existing 
production 


increased  revenue 
on  new  production 


r 


Demand 
Curve 


Quantity 
(m+py) 


A+B«  current  revenue. 
A « lost  revenue  under  tax  reductioa 
C*  revenue  on  new  production. 
C-A«net  change  in  tax  revenue 

Issue:  X»new  production  level  (elasticity  of  demand) 
*  Average  price  of  8700  BTU  producers,  for  example. 


to  represent  the  response  of  quantity  demanded  to  changed  price  is  "elasticity 
of  demand."  It  can  be  shown  analytically  that  unless  demand  is  extremely 
elastic  (in  fact  an  elasticity  around  -4.6),  tax  reductions  on  coal  will  result 
in  a  net  loss  of  income  to  the  state.  Based  on  our  preceding  analysis  of  price 
reductions,  the  demand  curve  faced  by  Montana  producers  is  inelastic  at  least 
through  1995,  and  then  only  barely  elastic  (around  -1.0)  in  the  year  2000. 

The  net  loss  for  two  specific  tax  reduction  policies  are  shown  in  Table 
S-3  for  2%   electric  growth  (base  case).  For  example,  in  the  year  2000  a  50% 
tax  cut  on  new  production  results  in  a  loss  of  $46.5  million  (area  A  of  Figure 
S-3)  on  new  production  that  would  occur  anyway  and  a  $12.0  million  gain 
(corresponding  to  area  C)  on  new  production  stimulated  by  the  tax  cut.  The 
net  loss  is  then  $34.5  million  per  year.  Results  for  all  scenarios  and  years 
are  conceptually  similar:  new  production  that  will  occur  anyway  dwarfs 
incremental  production  stimiulated  by  a  tax  cut.  In  short,  with  reference  to 
Figure  S-3,  area  "A"  is  greater  than  "C"  in  every   case  we  modeled.  Our 
empirical  results  are,  incidently,  similar  to  those  developed  by  utility 
consultant  Victor  Wood,  in  a  report  we  obtained  through  the  Montana 
International  Trade  Commission. 

Table  S-3  also  provides  an  estimate  for  another  possible  policy:  a  50%  tax 
cut  on  all  production.  In  this  case  an  additional  annual  $48.5  million  tax 
revenue  loss  on  existing  production  is  added  to  the  previously  described  net 
loss  on  new  production,  for  a  year  2000  loss  of  $83.0  million  annually. 

The  net  present  value  of  the  tax  loss  under  the  two  policies  to  the  year 
2000  can  be  estimated  from  the  annual  losses  of  Table  S-3.  A  50%  tax  cut  on 
new  production  has  a  negative  present  value  of  $105  to  $205  million  at  1%  to 
3%  electric  growth;  a  50%  cut  on  all  production  has  a  negative  present  value 
ranging  from  $685  to  $785  million. 
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Table  S-3 


Summary  Tax  Policy  Analysis 

Change  In  Tax  Revenues  (wmion  $/year) 
and  Coal   Production  (million  $./year) 
Tax  Policy  Alternative 

1985  1990  1995  2000 


Tax        Coal  Tax        Coal  Tax        Coal  Tax        Cnal 

(10°  %)  (mtpy)     (10^  $)  (mtpy)     (10^  $)  (mtpy)     (10^  $)  (mtpy) 


A.  50%  Tax  Cut  on 
New  Production: 

Loss  on  Base  Case 

New  Production:  13.5  21.0  46.5 

Tax  on  Increase  in 

New  Production:  3^        2.4  ZJ_        1.8  12.0        8.0 

Net  Effect:  9.9        2.4  18.3        1.8  34.5        8.0 


B.  50%  Tax  Cut  on 
All  Production: 

Loss  on  Existing 

Production:     48.5        48.5  48.5  48.5 

Net  Effect 

New  Production:  9.9    2.4    18.3    1.8    34.5    8.0 


Total  48.5        58.4    2.4     66.8    1.8     83.0    8.0 


Offsetting  the  tax  revenue  losses  to  the  state  as  a  whole  are  coal 
production  gains  (also  quantified  in  Table  S-3).  An  interesting  question  is 
the  decision  weight  to  be  placed  on  production  gains  (or  profits,  or  wages,  or 
employment  or  etc.)  as  opposed  to  tax  revenue  losses.  These  appear  to  us  to 
be  largely  distributive  issues  which  are  beyond  the  scope  of  our  analysis.  We 
have  also  simplified  our  study  by  assuming  that  there  is  no  move  by  producers 
or  railroads  to  capture  any  profits  potentially  created  by  tax  reductions,  but 
that  in  fact  reductions  show  up  in  delivered  prices.  Similarly  we  have 
adopted  a  "naive"  model  in  the  sense  that  Wyoming  producers  and  legislators  do 
not  strategically  respond  to  Montana  tax  cuts.  Relaxing  these  assumptions 
only  strengthens  our  basic  conclusion.  The  main  finding  here  is  that  tax 
revenues  will  In  all  cases  decline  on  net  due  to  tax  reductions. 


XX 1 


Montana  Coal  Market  to  the  Year  2000:  Impact  of 
Severance  Tax,  Air  Pollution  Control,  and  Reclamation  Costs 

Chapter  I .  Introduction 

This  paper  provides  an  economic  analysis  of  the  market  for  Montana  and 
Wyoming  coal.  The  basic  purpose  of  the  study  is  to  provide  a  Montana  coal 
production  forecast  to  the  year  2000  and  show  the  sensitivity  o^  this  forecast 
to  three  policies:  The  coal  severance  tax,  acid  rain  legislation,  and 
reclamation  policies.  The  focus  is  entirely  on  the  derived  demand  by  coal- 
fired  plants  in  the  electric  utility  sector.  This  category  of  use  currently 
accounts  for  about  95%  of  Northern  Great  Plains  production.  As  developed  in 
some  detail  elsewhere  (Duffield  et  al,  1982),  the  other  current  and  potential 
users:  (industrial,  synfuels,  and  export)  are  unlikely  to  be  significant 
before  the  turn  of  the  century. 

For  the  purposes  of  our  analysis,  the  electric  utility  market  for  coal 
can  be  conveniently  divided  into  three  categories:  existing  contracts,  new 
plants,  and  "acid  rain"  plants.  As  summarized  in  Figure  1,  these  categories 
are  based  on  three  different  vintages  of  coal-fired  generating  units.  Most  of 
the  generating  units  now  being  supplied  under  contract  with  Montana  and 
Wyo.ning  coal  producers  were  either  built  under  stringent  state- sped  fie  air 
pollution  standards  (mostly  in  the  west)  or  under  the  New  Source  Performance 
Standards  (NSPS)  that  came  into  effect  on  boilers  ordered  after  1971  (1.2  lbs. 
of  SO2  per  million  BTU).  New  plants  coming  on  line  from  the  mid- 1930' s  on  are 
mostly  under  the  Revised  New  Source  Performance  Standards  (RNSPS)  that  are 
effective  on  boilers  ordered  after  1978.  The  third  category  of  plants,  the 
so-called  "acid  rain"  plants  are  mostly  older  plants  built  under  very  lenient 
to  nonexi sting  sulfur  emissions.  Many  of  these  plants  are  in  the 
Industrialized  midwest  and  currently  burn  mostly  high  sulfur  Illinois  Basin 
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Market  Overview 
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Plant 
Vintage 


Typical  Sulfur 
Emission  Regulation 


1.  Contracts 
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1968  to  the  present 
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2.    New  Plants 


Present  to  1993 
and  beyond 


Revised  New  Source 
Performance  Standards 
(70%,  90%  Scrubbing) 


3.  Add  Rain 


Mostly  pre-1975 


greater  than 
3.0  lbs.  SOg/lO^  BTU 


1-2 


and  Appalachian  coals.  There  1s  a  possibility  that  these  plants  will  be 
r*equ1red  by  federal  legislation  to  either  Install  scrubbers  or  switch  to  low 
sulfur  fuels  (such  as  Montana  or  Wyoming  coals). 

Each  of  these  basic  existing  and  potential  markets  for  Montana  coal 
(contracts,  new  plants,  and  "acid  rain")  will  be  discussed  In  turn.  The 
analysis  of  existing  contracts  Is  described  In  Chapter  II.  The  focus  Is  on 
Identifying  the  historical  spatia"'  inarkets  for  Montana  and  Wyoming  coals  and 
the  Influence  of  specific  factors  on  recent  trends.  Based  on  known  contracts, 
a  short  term  forecast  to  1988  Is  discussed.  The  Montana  coal  market 
potentially  associated  with  new  plants  expected  to  come  on  line  to  the  year 
2000  Is  described  In  Chapter  III.  The  "near  term"  analysis  (to  1993)  Is  based 
on  the  historical  spatial  coal  market  and  published  summaries  of  electric 
utility  10  year  plans.  A  brief  analysis  of  the  delivered  cost  of  Montana  and 
Wyoming  coal  at  the  Northern  States  Power's  Sherco  #3  plant  (to  come  on  line 
In- late  1987  In  Minnesota)  Is  Included  in  this  section.  The  long  term 
analysis  Is  based  on  a  spatial  market  model  originally  developed  under  a 
contract  with  the  U.S.  Office  of  Surface  Mining  (Duffleld,  et  al_,  1982).  This 
section  also  provides  a  discussion  of  the  magnitude  and  significance  of 
reclamation  costs.  In  Chapter  IV,  the  potential  Montana  coal  market  due  to 
proposed  acid  rain  legislation  Is  discussed.  Chapter  V  Is  an  analysis  of  the 
Impact  of  changes  In  Montana  coal  severance  tax  on  each  of  the  three  market 
categories  Identified  above:  contracts,  new  plants,  and  "acid  rain." 
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Chapter  1 1 ,  Existing  Contracts 
A.  Contracts  and  Market  Share  f 

The  purpose  of  this  chapter  Is  to  examine  the  historical  markets  for 
Montana  and  Wyoming  coal  and  to  explain  differences  In  the  growth  and 
distribution  of  contracts  and  deliveries. 

Existing  contracts  for  Montana  and  Wyoming  coal  are  summarized  In 
Appendix  B.  The  listing  Is  based  on  reported  deliveries  and  Industry  sources. 
Because  contracts  are  confidential.  It  Is  difficult  to  validate  this 
Information. 

In  order  to  identify  market  trends,  we  have  analyzed  reported  deliveries  to 
all  176  new  coal-fired  power  plants  that  will  have  come  on  line  between  1971  and 
1985  1n  the  19  state  market*  for  Northern  Great  Plains  (NGP)  coal.  This 
Information  1s  summarized  In  Table  1  for  three  five-year  periods.  The  basic 
finding  Is  that  the  Montana  market  share  has  been  relatively  stable,  with 
Montana  producers  supplying  about  10%  of  new  coal-fired  generating  capacity  In 
each  of  the  three  periods  (1971-75,  1976-80,  1981-85).  By  contrast,  Wyoming's 
share  jumped  dramatically  from  16%  In  1971-75  to  53%  and  62%  In  1976-80  and 
1981-85  respectively. 

Assuming  a  60%  capacity  factor,  a  new  500  mw  coal-fired  plant  will  use 
about  1.6  million  tons  per  year  (mtpy)  of  8700  BTU/lb.  Montana  coal.  On  this 
basis,  the  mw  capacity  Information  Is  converted  In  Table  2  to  an  estimated  share 
of  tonnage.  The  total  176  new  plants  require  275.3  mtpy.  Montana  has  served 
about  10%  of  this  capacity  or  26.2  mtpy.  Wyoming  captured  46%  or  128  mtpy  and 
other  producers  (Colorado,  Texas,  Illinois,  etc.)  captured  44%.   It  should  be 
noted  that  these  estimates  do  not,  of  course,  correspond  exactly  to  current 
Montana  and  Wyoming  production,  which  is  likely  to  be  around  32  mtpy  and  129 
mtpy  in  1984  respectively.  This  is  in  part  because  the  Tables  include  contracts  ^ 

II-l 
*  AR,  CO,  IL,  lA,  IN,  KS,  LA,  MI,  MN,  MO,  MT,  NB,  NO.  OK,  OR,  SO,  TX,  WS,  and  WY 


Table  1 


Market  Share  Summary 

for  New  Coal-Fired  Plants 

in  the  19  State  Market  Area* 


Timf  Period:     On  Line  Date 


Coal  Source 

71-75 

76-80 

81-85 

Total 

Montana 

#  of  plants 
mw  capacity 
share  of  mw 

5 
1744 
.080 

9 
3589 
.095 

6 
2929 
.107 

20 
8262 
.095 

Wyoming 

#  of  plants 
mw  capacity 
share  of  mw 

10 
3392 
.156 

38 

19785 

.526 

35 

17121 

.623 

83 

40298 

.464 

Other 

#  of  plants 
mw  capacity 
share  of  mw 

31 

16664 

.764 

26 

14255 

.379 

16 
7420 
.270 

73 

38339 

.441 

Total 

#  of  plants 
mw  capacity 

46 
21800 

73 
37629 

57 
27470 

176 
86899 

*  AR,  CO,   IL,  lA,  IN,  KS,  LA,  MI.  MN,  MO,  MT,  NB,  NO,  OK,  OR,  SD,  TX,  WS,  and  WY 
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Table  2 


Market  Share  Summary 

for  New  Coal-F1red  Plants 

in  the  19  State  Market  Area 

(mllTTon  tons  per  year  equivalents*) 


Time  Period:     On  Line  Date 


Coal   Source 

71-75 

76-80 

81-85 

Total 

Montana 

#  of  plants 

mtpy 

share 

5 

5.5 
.080 

9 

11.4 
.095 

6 

9.3 
.107 

20 

26.2 
.095 

Wyoming 

#  of  plants 

mtpy 

share 

10 

10.7 
.156 

38 

62.7 
.526 

35 

54.2 
.623 

83 

127.6 
.464 

Other 

#  of  plants 

mtpy 

share 

31 

52.8 
.764 

26 

45.2 
.379 

16 

23.5 
.270 

73 
121.4 
.441 

Total 

#  of  plants 
mtpy 

46 
69.1 

73 
119.2 

57 

81.0 

176 
275.3 

3ased  on  an  assumed  3167.5  tons  per  year/mw  capacity  (assumes  a  heat  rate 
of  10486  BTU/kwh,  8700  BTU  coal,   at  60%  capacity  factor). 
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for  plants  coming  on  line  in  1985,  and  because  new  plants  were  allocated  on  the 
basis  of  deliveries  In  the  last  year  of  each  period  (1975,  1980,  and  current). 
In  some  cases  deliveries  to  new  plants  In  1975  and  1980  are  being  made  by 
another  supplier  at  present.  In  addition,  some  current  deliveries  are  being 
made  to  plants  on  line  before  1971  and  actual  capacity  factors  can  vary 
significantly  by  year.  The  purpose  of  the  tables  Is  to  provide  a  consistent 
picture  over  time  of  the  Montana  ^nd  Wyoming  market  shares  based  on  deliveries 
to  new  plants. 

The  main  finding  here  Is  that  the  Montana  market  has  been  small,  but 
stable,  compared  to  Wyoming  production  which  Increased  six  times  as  ^ast  as 
Montana  after  1976. 
B.  Market  Factors 

There  are  a  large  number  of  potentially  significant  market  factors  that 
could  explain  these  differences.  A  partial  list  is  provided  in  Figure  1. 
Here  the  market  factors  are  sorted  by  coal  characteristics  versus  political 
and  economic  events.  A  common  misconception  is  that  the  only  difference 
between  Montana  and  Wyoming  coals  are  coal  severance  tax  rates.  In  fact  any  or 
all  of  the  listed  factors  could  affect  the  respective  markets  In  different 
ways. 

Coal  Characteristics 

Some  basic  characteristics  of  Montana  and  Wyoming  coals  are  listed  in 
Table  3.  There  are  in  fact  at  least  four  distinct  coals.  The  Montana  Powder 
River  Basin  coals  centered  around  Col  strip,  Montana  at  8700  BTU/lb.  and  J% 
sulfur  are  fairly  similar  to  the  Powder  River  Wyoming  coals  averaging  8400 
BTU's  and  A%   sulfur.  Average  FOB  prices  of  these  two  coals  are  fairly  similar 
at  around  60ji/MMBTU.  The  other  Montana  coal  Is  Decker/Spring  Creek;  this 
is  higher  BTU  and  lower  sulfur  coal  and  commands  a  price  premium  of  20^  to 
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Figure  lA 


Market  Factors 

A.  Coal  Characteristics 

Location 
BTU  Content 
Sulfur 
Ash/Moisture 

B.  Key  Political  and  Economic  Events  of  70-84 

Clean  Air  Act  of  1970 

Arab  Oil  Embargo,  73-74  oil  price  rise 

Rail  Escalation 

Coal  Severance  Taxes 

Nuclear  Decline 

Electric  Demand  Slowdown 

Revised  New  Source  Performance  Standards  (1978) 


(I 
II-5 


Montana 


Table  3 


Some  Characteristics  of 
Montana  and  Wyotrnning  Coals 


BTU        %  Sul fur  $/Ton  FOB 

~nM3"I~ 


^/MMBTU 


Western  Energy 

11.13 

Westmorel  and 

8700 

.7 

10.77 

64.0 

Peabody 

10.90 

Decker 

9600 

.34 

19.31 

100.6 

Spring  Creek 

9000 

.34 

15.96 

89.7 

Wyoming 


Powder  River 
South  Wyoming 


8400 
10500 


9.72 
30.31 


57.9 
144.3 
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40^/MMBTU.     The  other  Wyoming  coal    is  south  Wyoming,   which  is  bituminous  in 
rank  (10,500  BTU) ,low  sul fur  and  much  higher  in  price  {144.3^/MMBTU) . 

Location  Advantage:  Spatial  Market 

The  locations  of  the  Powder  River  coals  with  respect  to  Burlington  Northern 
Railroad  are  shown  In  Figure  2,  and  with  respect  to  the  Minnesota  market  in 
Figure  3.  The  main  thing  to  note  here  Is  that  for  shipments  east  to  Minneapolis 
Colstrip  area  coal  has  a  240  mile  edge  over  Wyoming  Powder  River.  However,  to 
the  south  (Texas,  Oklahoma,  etc.)  Gillette  area  coals  have  a  330  mile 
advantage.  At  the  current  average  rate  for  coal  unit  trains  of  .017  $/ton-m11e, 
the  respective  advantages  are  4.08  $/ton  to  Montana  to  the  north-central  states 
and  a  5.61  $/ton  advantage  to  Wyoming  to  the  south-central  states.  This 
difference  Is  very  Important  and  has  the  same  Impact  on  delivered  price  as  an 
equivalent  difference  In  FOB  mine  price.  Table  4  shows  the  relative  cost 
differences  associated  with  location  advantages.  Because  of  these  very 
Important  locatlonal  differences  vis-a-vis  markets  and  existing  rail  routes, 
there  are  strongly  defined  spatial  markets  for  Montana  and  Wyoming  coals.  This 
point  will  be  developed  In  greater  detail  In  Chapter  III  below;  however,  it  is 
useful  at  this  point  to  note  as  an  example  the  areas  where  Montana  and  Wyoming 
coal  are  least  cost  (on  a  delivered  basis)  with  a  $9.50  Montana  FOB  price  and 
$7.70  Wyoming  (see  Figure  4).  Basically  Montana  picks  up  the  north-central 
states  and  Wyoming  has  the  market  roughly  south  of  the  Minnesota-Iowa  border. 

While  location  Is  probably  the  key  characteristic  in  explaining  coal 
spatial  markets,  BTU  and  sulfur  are  also  significant.  Because  Decker  is  higher 
BTU  per  ton  than  Colstrip  and  Gillette  area  coals  (and  because  it  is  only  125 
miles  north  of  Gillette  rather  than  330),  Decker  can  potentially  compete  to  the 
south  (assuming  similar  FOB)  at  distances  over  1000  miles  (Texas)  with  lower  BTU 
Gillette  coals.  South  Wyoming  coals  and,  to  a  lesser  extent.  Decker  also 
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Figure  2 
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Table  4 


$/Ton  Equivalents  of  Rail 
Mileage  Differentials 


Mileage  Differential 

$/Ton  Equivalent 

50 

.85 

100 

1.70 

150 

2.55 

200 

3.40 

250 

4.25 

300 

5.10 

350 

5.95 

* 


at  .017  $/ ton-mile 
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command  a  price  premium  because  they  are  low  sulfur  but  can  be  burned  In  boilers 
designed  for  some  bituminous  coals.     On  the  other  hand.  Col  strip  coals  are 
higher  sulfur  (.7%  to  .8%)  than  Gillette  (.3%  to  .4%).    Even  this  relatively 
small  difference  In  sulfur  content  can  be  significant.     Under  the  NSPS  of  1.2 
lbs.   S02/10^  BTU,   Montana  coal  that  averages  greater  than  .6%  sulfur  cannot  be 
burned  without  scrubbing  or  blending  with  even  lower  sulfur  coal.     For  example, 
at  the  Wisconsin  Power  and  Light  Coli^.nbla  plants  Colstrip  coal  is  cheaper  at 
29.07  $/ton  delivered  (or  168.5^/f'iKc5TU  in  1984)   than  Wyoming  coal   (Belle  Ayr 
at  $31.97/ton  or  188.2^/MMBTU  in  1984).     However,  Colstrip  at  .8%  sulfur  is 
apparently  blended  with  .35%  sulfur  Wyoming  coal   to  meet  the  12  standard. 

Another  example  is  the  Interstate  Power  Lansing  plant  in  Iowa.     Wyoming 
Coal   is  blended  with  Illinois  coal  that  Is  44.3/t/MMBTU  cheaper  but  2.76% 
sulfur.     Blending  Montana  coal   at  this  plant  (under  a  1.94  SO2  reg.)  would 
reduce  by  about  half  the  share  of  cheap  high-sulfur  Illinois  coal  that  could 
be  burned.     The  net  saving  to  using  Wyoming  coal  here  is  around  $840,000  even 
assuming  equal  Montana  and  Wyoming  delivered  prices.     In  short,  the  slightly 
higher  sulfur  content  of  Montana  coals  can  be  significant  at  some  burn  sites. 

The  importance  of  locational  advantage  appears  to  be  supported  by  state- 
level   information  on  new  plants  that  burned  Montana  and  Wyoming  coal  1971- 
1985.    There  are  only  six  states  where  new  plants  burned  Montana  coal   in  this 
period:     Illinois,  Michigan,  Minnesota,  Montana,  Texas,  and  Wisconsin  (Table 
5).     This  is  consistent  with  the  sample  spatial  market  map  noted  previously 
(Figure  4).     It  should  be  noted  that  North  Dakota  and  South  Dakota  are 
dominated  by  mine  mouth  North  Dakota  lignites.     Only  Minnesota  and  Montana  are 
solidly  in  our  market  while  Texas,  Illinois,  and  Wisconsin  are  on  the  market 
boundary.     The  share  of  Michigan  is  due  to  our  location  and  advantage  In 
northern  Minnesota  since  this  coal  goes  by  lake  steamer  from  Duluth/Superior 
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Table  5 


Montana  Contracts  to  New  Power 
Plants  by  Period 


71-75 


76-80 


81-85 


units      1000  mw  units  1000  mw  units  1000  mw 

A.     South  Central  Oil  Gas  States 

Texas             0/4            0/2372          2/17  966/10029  1/8  176/4042 

MT  share        .00              .00              .12  .10  .13  .04 


Residual  States 

Illinois 

2/7 

465/4125 

0/5 

0/1849 

0/1 

0/600 

Michigan 

0/7 

0/3620 

3/4 

270/1040 

3/4 

1353/1411 

Minnesota 

1/1 

365/365 

3/3 

1995/1995 

0/0 

0/0 

Montana 

1/1 

358/358 

1/1 

358/358 

2/2 

1400/1400 

Wisconsin 

1/1 

556/556 

0/2 

0/1173 

0/3 

0/1282 

Subtotal 

5/17 

1744/9024 

7/15 

2623/6415 

5/10 

2753/4693 

MT  share 

.29 

.19 

.47 

.41 

.50 

.59 

Total 

5/21 

1744/11396 

9/32 

3589/16444 

6/18 

2929/6705 

MT  share 

.24 

.15 

.28 

.22 

.33 

.44 
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to  lakeside  Detroit  Edison  plants.     Similarly,   the  locational  advantage  to 
Wyoming  is  indicated  in  its  historical  market  share  for  states  south  of  and 
including  Nebraska  and  Iowa  (Table  5). 

Oil   and  Gas  Price  Escalation 

While  location  is  clearly  important,  it  is  possible  with  the  state-level 
data  on  new  plants  to  also  investigate  several  of  the  other  factors  listed  in 
Figure  1.     It  appears  that  the  main  cause  of  the  large  jump  in  Wyoming 
production  after  1975  is  not  due  to  intrafuel   competition  (e.g.    Montana  vs. 
Wyoming  coals)  but  to  interfuel   substitution.     Specifically,  the  very  large 
increase  in  oil  and  gas  prices  following  the  Arab  oil  embargo  of  late  1973 
drastically  altered  the  market  for  electric  utility  fuels.    The  most 
vulnerable  states  were  the  south  central  oil  and  gas  states  of  Texas, 
Oklahoma,  Arkansas,  Louisiana,   and  (to  a  lesser  extent)  Nebraska.     These 
states  historically  have  burned  very  little  coal  and  were  not  building  coal- 
fired  plants  in  1971-1975.    As  shown  in  Table  6,  only  four  new  coal   units  were 
added  in  Texas  (supplied  by  Texas  lignite).     However,   in  response  to  new  oil 
and  gas  prices  (and  relatively  high  electric  consumption  growth  rates  in  the 
Sun  Belt),  a  large  amount  of  coal -fired  capacity  was  added  in  these  states 
after  1976. 

Prior  to  1976  Wyoming  captured  no  new  coal-fired  units  in  these  states 
(even  though  it  was  a  least-cost  coal   source  at  many  sites)  because  no  new 
units  were  built.     Since  1976,  Wyoming's  share  of  the  five  south-central  gas 
states  has  been  around  70%  to  80%  and  has  accounted  for  66.1  mtpy  or  53%  of 
Wyoming's  new  plant  tonnages  (totaling  124.9,  Table  7).     This  interfuel 
substitution  plus  location  also  has  relevance  for  other  states  such  as  Kansas 
(where  some  coal   has  been  burned  historically)  and  for  Oregon,  where  coal   is 
competitive  against  incremental   hydro  and  nuclear. 
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Table  6 


Wyoming  Contracts  to  New  Power 
Plants  by  Period 


71-75 


76-80 


81-85 


units 

1000  mw 

units 

1000  mw 

units 

1000  mw 

South  Central  Oil 

Gas  States 

Arkansas 

0/0 

0/0 

2/2 

1262/1262 

3/3 

2422/2422 

Louisiana 

0/0 

0/0 

0/0 

0/0 

5/5 

2793/2793 

Nebraska 

0/0 

0/0 

3/3 

1306/1306 

3/3 

835/835 

Oklahoma 

0/0 

0/0 

6/6 

3178/3178 

4/4 

1787/1787 

Texas 

0/4 

0/2372 

11/17 

5282/10029 

4/8 

2012/4042 

Subtotal 

0/4 

0/2372 

22/28 

11028/15775 

19/23 

9849/11879 

WY  share 

.00 

.00 

.79 

.70 

.83 

.83 

Residual  States 

Col orado 

1/2 

282/514 

1/5 

396/1765 

2/3 

802/1202 

Iowa 

2/2 

880/880 

3/3 

1480/1480 

3/4 

1442/1592 

Kansas 

2/3 

462/1434 

3/3 

2162/2162 

3/3 

1210/1210 

Missouri 

0/4 

0/2463 

1/5 

726/2762 

2/2 

905/905 

Oregon 

0/0 

0/0 

1/1 

530/530 

0/0 

0/0 

Wisconsin 

0/1 

0/556 

2/2 

1173/1173 

3/3 

1282/1282 

Wyoming 

5/5 

1668/1668 

4/4 

1897/1897 

3/3 

1167/1167 

Subtotal 

10/23 

3392/10031 

16/31 

8759/15608 

18/24 

8177/11110 

WY  share 

.43 

.34 

.52 

.56 

.75 

.74 

Total 

10/27 

3392/12403 

38/59 

19787/31383 

37/47 

18026/22989 

WY  share 

.37 

.27 

.64 

.63 

.79 

.78 
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Table  7 


Summary  1971-1985 

Contracts  to  New  Power  Plants 

(Million  tons  per  year  equivalents) 

Montana  Market 
tonnage  share 


South  Central  Oil  Gas  States 

Arkansas 

Louisiana 

Nebraska 

Okl ahoma 

Texas  3.6 

Subtotal  3.6 

Other  States 

Colorado 

Illinois  1.5 

Iowa 

Kansas 

Michigan  5.1 

Minnesota  7.5 

Missouri 

Montana  6.7 

Oregon 

Wisconsin 

Wyoming 

Subtotal 

Total 


.07 

.07 
(of  52.1) 


.07 

.27 

1.00 

1.00 


Wyoming 

Market 

tonnage 

share 

11.7 

1.00 

8.8 

1.00 

6.8 

1.00 

15.7 

1.00 

23.1 

.44 

66.1 

.70 
(of  95.1) 

5.0 

12.0 
12.1 

5.2 


.45 

.96 
.80 

.27 


1.7 

1.00 

1.8 

.18 

7.8 

.81 

15.0 

1.00 

22.6 

.35 
(of  63.8) 

58.8 

.70 
(of  84.4) 

26.2 

.23 

(of  115.9) 

124.9 

.70 

(of  179.49) 
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By  contrast  (Table  5),  Montana  Is  by  location  at  a  $5  to  $6/ton 
disadvantage  to  the  south-central  oil  and  gas  states  and  did  not  share  In  the 
oil  price- Induced  boom  that  Wyoming  coal  experienced.  As  noted  In  Table  B, 
Montana  has  had  a  small  share  of  the  Texas  market.  This  Is  mostly 
Decker/Spring  Creek  »<h1ch  Is  higher  BTU  and  much  closer  to  Gillette  (as 
explained  earlier). 

Excluding  the  oil  and  gas  states,  the  market  shares  for  both  Wyoming  and 
Montana  (In  their  respective  markets)  have  Increased.  For  Montana,  on  a  mw 
basis,  the  share  was  20%,  40%,  and  60%  In  1971-75,  1976-80,  1981-85 
respectively  (Table  5);  and  for  Wyoming  35%,  55%,  and  75%  respectively.  In 
short,  both  Montana  and  Wyoming  market  shares,  excluding  the  oil  and  gas 
states,  have  Increased  ^n   their  respective  markets.  The  biggest  difference 
between  the  two  states  Is  that  historically  Wyoming  has  a  locatlonal  advantage 
to  the  south,  where  growth  and  substitution  out  of  oil  and  gas  have  been  the 
greatest.  Excluding  Texas,  only  42  plants  were  built  between  1971  and  1985  In 
the  five  states  where  Montana  has  delivered  to  new  plants.  By  contrast,  133 
plants  were  added  In  the  12  states  where  Wyoming  has  locatlonal  advantage. 

SOg  Emission  Regulations 

Another  significant  factor  In  the  Montana  and  Wyoming  coal  markets  from 
1971-1985  was  the  establishment  of  sulfur  emission  standards  for  new  coal- 
fired  plants.  The  first  standards  (NSPS)  were  on  boilers  ordered  after  1971 
and  requiring  a  1.2  Ibs/MMBTU  standard.  This  meant  that  burning  low  sulfur 
coals  was  a  permlssable  strategy.  However,  as  noted  previously,  mainly  the 
Decker/Spring  Creek  coals  (at  3%   to  .4%)  have  benefited  from  this  legislation 
as  the  Col  strip  area  coals  run  around  .7%  to  .8%  sulfur.  The  second  set  of 
standards  (RNSPS)  on  boilers  after  1979  required  70%  scrubbing  on  low  sulfur 
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coals  and  90%  on  high  sulfur.  The  effect  of  these  regulations  should  be  to 
lessen  the  market  for  both  Wyoming  and  Montana  vis-a-vis  the  high  sulfur 
Illinois  Basin  coals  and  take  away  most  of  the  disadvantage  of  the  Col  strip 
area  coals  vis-a-vis  slightly  lower  sulfur  Wyoming  Powder  River  coal. 

In  assessing  any  of  the  political  and  economic  market  factors  (Figure  1) 
one  needs  to  know  how  early  coal  sourcing  decisions  are  made  vis-a-vis  on  line 
dates.  For  example,  were  the  new  plants  that  came  on  line  in  1976-1980 
reflecting  current  prices  and  policy?  Prices  and  policy  from  five  years 
earlier?  Some  partial  information  on  this  is  provided  in  Table  8  and  Table 
9*.  From  Table  8,  almost  90%  of  new  coal -fired  plant  (120  of  137)  prior  to 
1975  came  in  under  lenient  sulfur  regulations.  Between  1976  and  1982  7  of  104 
or  7%  came  in  under  lenient  standards,  and  after  1982— none.  The  lag  between 
boiler  order  date  (Table  9)  and  on-line  date  has  apparently  increased  from  5.2 
to  8.3  years.  These  are  probably  approximate  estimates  of  lead  times  for 
aspects  of  the  coal  sourcing  discussion,  at  least  to  the  level  of  selecting 
rank  if  not  specific  source.  Based  on  these  tables,  one  would  expect  to  see 
the  effects  of  the  NSPS  showing  up  as  early  as  the  1976-1980  new  plant  market 
shares  and  the  RNSPS  only  beginning  to  impact  the  end  of  the  1981-1985  period. 

Before  trying  to  identify  the  net  effect  of  new  air  emission  regulations, 
it  is  useful  at  this  point  to  summarize  the  policy  effects  that  were  indicated 
in  Figure  1.  In  Figure  5,  the  effects  of  specific  political  and  economic 
events  is  summarized  both  for  intra-  and  inter-fuel  substitution.  As  noted 
previously,  the  large  interfuel  substitution  effect  on  the  Wyoming  market  has 
been  at  least  partially  isolated  by  separating  out  the  south-central  oil  and 
gas  states.  As  noted  previously  in  Tables  5  and  6,  the  market  shares  of  both 
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These  tables  include  Washington  and  Idaho  to  make  a  21  state  market  area. 


Table  8 


Classification  of  Coal-F1red  Plants  In 
21  State^  Market  Area  by 
On-Llne  Date  and  Sulfur  Emission  Regulation 


On-Ltne  Date 

Sulfur  Regulation 

Total 

Greater  tl 
1.2  lb/10^ 

han 
BTU 

LI 

NSPS  or 
lb/10^ 

BTU 

RNSPS 

PSO 
than 

and/or  less 
1.2  lb/10^ 

1960-1975 

137 

120 

12« 

0 

5^ 

1976-1982 

104 

7C 

78 

0 

19 

1983-1986 

49 

0 

14<1 

26 

9 

1987-1990 

34 

0 

0 

33 

1 

Total s 


324 


127 


104 


S9 


34' 


Source:     Derived  from  Appendix  B,  Duffleld,  et  aT^,  1982. 

Notes 

*  These  are  all  Wyoming  and  Colorado  plants  built  to  meet  state  standards. 

^  Wyoming  plants  built  to  meet  state  standards  of  .2  to  .5  and  a  1.0  Montana 
PSD  plant. 

^   Missouri  and  Indiana  plants,  mainly  2nd  or  3rd  units  ata  a  given  site. 

^  Indiana,  Iowa,  Louisiana,  Michigan,  Texas,  and  Wisconsin  plants  that  appear 
to  have  been  ordered  by  11-78;  usually  2nd  unit. 

®  Eleven  PSO  plants  (Montana,  Washington,  Kansas,  Minnesota);  18  more 
stringent  state  standards  In  the  west  (Montana,  Wyoming,  Colorado,  N.D.)  and 
5  more  stringent  Arkansas  and  Missouri  plants. 

^  Arkansas,  Colorado,  Illinois,  Idaho,  Indiana,  Iowa,  Kansas,  Louisiana, 
Michigan,  Minnesota,  Missouri,  Montana,  Nebraska,  North  Dakota,  Oklahoma, 
Oregon,  South  Dakota,  Texas,  Washington,  Wisconsin,  Wyoming. 
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Table  9 


Distribution  of  Time  Lag  Between  Boiler  Order  Date 

and  On-Line  for  Coal -Fired  Steam  Plants  in  a 

21  State  Market  Area 


Sampl e 


Plants  Built 


Years  Lag 

1960-1982 

3 

3 

4 

5 

5 

8 

6 

7 

7 

8 

2 

9 

1 

10 

11 

12 

Mean 

5.23 

Standard  deviation 

1.48 

Approximate  90% 

3  to  7-1/2  yr 

Confidence  Interval 

Plants  Proposed 
1983-1990 


1 
2 
2 
3 

1 

3 
1 
3 

8.25 
2.66 

4  to  12-1/2  yrs, 


Source:     Derived  from  Appendix  B,  Duffield  et  al ,  1982. 
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Figure  5 


Policy  Effect  of  Fuel  Choice 


Event 


A.     on   and  Gas  Price 
TscaTTEfonT 


Interfuel  Substitution  Intrafuel  Substitution 

Coal  vs.  other  fuels      NGP  vs.  other  coals      MT  vs.  WY 


1.  New  Coal-fired  plants 
in  the  south-central 

states  +  Coal 

2.  Rail  Rate  Escalation        -  Coal 


+  NGP 
-  NGP 


++  WY 
neutral 


B.     SO;?  Emission  Regulations: 

1.     NSPS-1971  -  Coal 


2.     RNSPS-1978 


-  Coal 


NGP 
NGP 


+  WY 
+  Decker 


MT 


C.  Coal  Severence  Taxes 


Coal 


-  NGP 


-  MT 


D.  Nuclear  Decline 


+  Coal 


neutral 


neutral 


E.  Electric  Growth  Down      neutral 


neutral 


neutral 
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Montana  and  Wyoming  increased  strongly  1971-75  to  1976-80  and  and  1976-80  to 
1981-85.  Looking  at  the  factors  in  Figure  5,  the  negative  indicators  for  NGP 
as  a  whole  are  rail  escalation,  RNSPS,  and  coal  severance  taJc.  The  positive 
are  NSPS  and  possibly  the  positive  effect  of  oil  and  gas  substitution  in 
residual  states.  Since  both  Montana  and  Wyoming  increased  their  shares  of 
their  respective  markets  in  1976-80  and  again  1981-85,  it  appears  that  the 
expected  market  expansion  due  to  NSPS  dominated  the  potential  market 
contracting  effects  of  rail  escalation  and  coal  severance  taxes. 

The  NSPS  also  appear  to  explain  the  mixed  pattern  of  state  specific 
changes  that  have  been  tabulated  (referring  again  to  Table  5).  Between  1971 
and  1985  Montana's  share  increased  in  Texas  and  Michigan,  declined  in  Illinois 
and  Wisconsin  and  was  stable  at  100%  in  Montana  and  Minnesota.  The  first 
thing  to  note  is  that  the  increases  in  Michigan  and  Texas  were  for  Decker  and 
Spring  Creek  coal.  These  coals  are  .3%  to  A%   sulfur  and  could,  of  course,  be 
burned  without  scrubbing  to  meet  NSPS.  They  compete  with  the  low-sulfur 
Wyoming  fuels  and,  having  a  locational  advantage  to  Duluth,  pick  up  Michigan 
after  NSPS  were  instituted.  To  Texas,  the  distance  advantage  to  Gillette  is 
only  130  miles  and  as  noted  can  be  largely  overcome  by  Decker  and  Spring  Creek 
higher  BTU.  This  has  given  these  coals  a  small  but  stable  share  of  the  Texas 
market.  Given  limits  on  capacity  and  reserves  for  these  coals,  the  mines  are 
apparently  allocating  their  production  to  obtain  premium  prices  in  their  best 
markets. 

In  Wisconsin  the  change  is  again  due  to  NSPS.  The  new  plant  on  line  in 
Wisconsin  in  1971-75,  the  Columbia  tinit  #1,  was  not  under  NSPS  and  could  burn 
Montana's  .7%   S  coal  without  scrubbing.  However,  a  Columbia  unit  #2  in  1978 
came  under  NSPS  and  went  to  Wyoming  Al%   S  coal,  which  didn't  require 
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scrubbing.      In  1982,    the  cost  of  scrubbing  NGP  coal  fin  1980  dollars)   for  70% 
to  90X  removal   was  $5   to  $8  per  ton  or  23t  to  48^  per  million  BTIJ.     Of 
course,    to  meet  NSPS  with  .7%  to  .8%  S  coal,    less  than  50%  scrubbing  would  be 
required.     However,  at  the  time  the  coal  source  decision  was  made  on  Columbia 
unit  #2,   scrubber  technology  was  not  as  well  developed  and  cost  estimates  were 
probably  higher.     The  prices  for  delivered  coal  at  the  Columbia  units  In  1979 
were  84.8^  (Montana)  and  121.1^  (Wyoming)  or  a  36.3^/MMBTU  difference.     In 
1980  the  price  difference  was  29.8^.     The  cost  and  uncertainty  associated 
with  scrubbers  appears  to  Justify  and  explain  the  choice  of  Wyoming  coal  at 
new  units  In  Wisconsin  under  NSPS. 

By  comparison.  In  1980  the  average  FOB  price  for  Rosebud  County,  Montana 
coals  was  $6.96.    At  this  price  the  Montana  severance  tax  and  the  Wyoming 
severance  tax  would  amount  to  about  $1.53  and  $.73  respectively  or  an  $.80 
difference.     In  cents  per  million  BTU's  this  amounts  to  4.6^  difference  In 
1980.     It  would  appear  that  at  least  In  Wisconsin,  the  severance  tax  effect  Is 
an  order  of  magnitude  short  of  explaining  the  shift  In  market  share. 

The  shift  In  Illinois  also  appears  to  be  related  to  NSPS.     Both  of  the 
new  Illinois  plants  that  burned  Montana  coal   In  1971-75  were  under  low-sulfur 
regulations,    but  1.8  lb./S02  state  standards  rather  than  1.2  lb.   NSPS.     For 
example,    the  Edwards  plant  (unit  3  on  line  In  1972)  could  burn  .7%  to  .8%  S 
Montana  coal   and  meet  the  standards.     The  other  coal  at  this  plant  through  the 
years  has  been  mainly  Kentucky  low-sulfur  coal.     (Interestingly,   this  contract 
was  lost  to  Kentucky  In  1984  due  to  a  $13  decrease  In  delivered  price 
resulting  froffl  a  cut  In  rail   rates.)     The  other  new  plant  In  Illinois  was 
Powerton  (units  added  In  1972  and  1975).     As  of  1976,  Decker  coal   was  blended 
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with  high  sulfur  Illinois  at  102^  and  57^  per  million  BTU  respectively.  More 
recently  southern  Wyoming  9600  BTU  coal  has  also  be  burned  at  this  plant.  For 
example,  in  1979  Illinois,  Montana,  and  Wyoming  were  76.2^,  166.U  and  197,5^ 
per  million  BTU  respectively.  The  price  differential  here  between  Illinois  and 
the  western  coals  Is  on  the  order  of  90<!  to  121^.  In  1980  the  differential  was 
145.2^  per  million  BTU.  By  comparison,  estimated  scrubber  costs  for  3A%   S 
Illinois  coal  to  meet  NSPS  in  1980  were  $15.43/ton  or  about  73^/MMBTU.  In 
short,  in  1980  and  earlier  scrubbers  were  significantly  cheaper  than  western 
coal.  An  examination  of  the  six  Illinois  plants  that  came  on  line  1976-1985 
indicates  that  all  chose  high  sulfur  Illinois/Indiana  coals  plus  scrubbing  over 
the  Montana  or  Wyoming  coals.  This  appears  justified  by  the  economics  o^ 
delivered  price  differentials  (145.2^)  versus  scrubbing  (73<i)  or  a  72)^/MMBTU 
advantage  to  scrubbers  for  a  Powerton  site.  The  economics  will  vary  of  course 
by  location.  Again,  It  might  be  noted  that  a  23%  effective  severance  rate  tax 
(here  on  Decker's  average  1980  FOB  price  of  $15.43)  amounts  to  18^/MMBTU  which 
is  small  compared  to  the  scrubber  advantage. 

NSPS  did  not  shift  the  new  plant  share  in  the  two  remaining  states  of  the 
Montana  market:  Montana  and  Minnesota.  The  Montana  plants  are  Col  strip  1 
through  4,  all  of  which  faced  state  and  federal  emission  standards  that  were  more 
stringent  than  1.2  lbs.  SO2/MMBTU  and  required  scrubbing  in  any  case.  (This  is 
not  to  mention  the  substantial  transportation  differential  against  Wyoming  coals 
to  Montana.)  There  has  only  been  one  Minnesota  plant  to  come  on  line  under  the 
NSPS.  The  Clay  Boswell  #4  unit  on  line  in  1980  went  for  .7%   S  Montana  coal  with 
scrubbing.  The  economics  were  probably  close  on  this  versus  Wyoming  coal  based 
on  the  Wisconsin  numbers.  In  1981-85  no  utilities  in  Minnesota  added  new  units 
under  NSPS  so  there  is  no  evidence  on  that  recent  market. 
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As  noted  previously,  the  RNSPS  have  had  little  effect  on  the  market 
shares  for  the  1971   to  1985  new  plants  (no  more  than  5  of  these  176  plants  are 
under  RNSPS).     The  dominant  feature  of  the  RNSPS  Is  that  now  all   low  sulfur 
coals  must  be  scrubbed  70%  (and  high  sulfur  90%).     For  typical  Powder  River 
coals  this  amounts  to  an  estimated  $6.25/ton  or  35if/MMBTlJ  penalty  against  high 
sulfur  coals  In  1984  dollars.     In  fact  the  RNSPS  Improve  the  relative  position 
of  the  typical   .7%  sulfur  Montana  coals  against  .3%  to  .4%  Decker  and  Wyoming 
coals.    However,  the  NGP  market  as  a  whole  will   shrink.    Based  on  known 
contracts  for  30  RNSPS  plants  to  come  on  Hne  In  the  19  state  market  by  1993, 
only  8/30  or  27%  are  taking  NGP  coals.     This  contrasts  with  the  197l-l98'5 
average  of  103/176  or  59%  and  the  NGP  share  of  low  sulfur  regulation  plants 
(less  than  1.8  lbs.   SO2/MMBTU)  of  58/83  or  70%.     A  preliminary  analysis  of  the 
RNSPS  plants  Indicates  that  states  on  the  market  boundary,   such  as  Indiana, 
minds,  Louisiana,  Texas,  Michigan,  Iowa,  and  Missouri  will  be  less  likely 
to  buy  NGP  coal  than  ^n  the  past. 
C.       Summary 

The  major  conclusions  from  this  analysis  of  market  share  are  as  follows. 
The  Montana  coal  market  share  through  the  1971-1985  period  has  been  small   but 
relatively  stable  due  to  the  locatlonal  advantage  in  Minnesota,  Wisconsin, 
Michigan  and  by  wire  to  the  PNW.     The  very  large  relative  growth  1n  Wyominq  is 
due  to  three  factors:     1)  locatlonal  advantage  to  a  much  larger  market  including 
the  south-central   oil   and  gas  states,  2)  major  shifts  from  oil   and  gas 
generation  to  coal   due  to  rising  world  oil   prices,   and  3)  the  expansion  of  the 
l^w  sulfur  coal  market  under  the  NSPS  of  1973.     As  developed  in  some  detail, 
only  the  Decker  and  Spring  Creek  coals  in  Montana  benefited  significantly  in 
this  period  from  the  NSPS.     Changes  In  the  Montana  coal   market  share  by  state 
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for  new  plants  in  this  period  were  analyzed.  No  cases  were  identified  where 
the  small  difference  between  Montana  and  Wyoming  coal  severance  taxes  were  a 
significant  factor. 
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Chapter  III.  New  Plants 

In  th-fs" chapter  the  Montana  coal  market  change  due  to  new  plants  coming 
on  line  in   the  near  term  and  long  term  will  be  described. 
A.  Near  Term  Contracts 

The  contract  deliveries  that  were  used  In  Chapter  II  to  analyze  historical 
market  share  are  also  the  best  basis  for  short  term  forecasts.  Because  of  the 
lead  time  between  contracts  and  on-line  dates  for  plants  of  at  least  three  to 
four  years,  mines  already  have  a  fairly  good  Idea  of  production  levels  out  to 
around  1990. 

Short-run  forecasts  based  on  discussions  with  Industry  sources  and 
reported  contracts  for  Montana  and  Wyoming  are  provided  In  Table  10.  Montana 
mines  expect  to  expand  production  from  an  estimated  32 J  mtpy  In  1984  to  41.fi 
mtpy  by  1988.  The  production  decline  from  1981  to  1983  Is  In  part  the 
national  recession  as  reflected  In  capacity  utilization  at  coal-fired  plants. 
Utilities  have  been  taking  deliveries  at  contract  minlmums  and  also  taking 
advantage  of  the  spot  market.  Electrical  generation  In  Minnesota,  as  an 
example,  actually  declined  from  1981  to  1982  and  In  1983  was  still  below  the 
1981  level.  The  1981-88  growth  rate  for  Montana  Is  32%   annually  compared  to 
4.41  for  Wyoming.  Montana  as  a  share  to  Wyoming  was  J2  In  1981  and  is 
projected  to  be  .30  In  1988.  It  appears,  based  on  Industry  sources,  that  the 
Montana  coal  Industry  Is  1n  for  a  period  of  steady  growth  for  the  next  few 
years. 

MERC  Coal  Unit  Additions 

A  more  complete  picture  of  the  potential  Montana  production  due  to  new 
coal-f1red  units  can  be  derived  from  National   Electric  Reliability  Council 
(NERO   data.     NERC  publishes  annually  summary  statistics  on  utility  ten  year 
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Table  10 


Short  Term  Forecasts  for 

Montana  and  Wyoming:  Coal  Production 

(mil.  tons) 


Coal  Source  1981      1983      1984*     1988      1990 

Montana: 

Decker,  Spring  Creek  15.07  12.46  12.74  16.63 

Peabody,  Western 

Energy,  Westmoreland  15.95  15.95  19.34  24.69 

Total  33.19  28.68  32.31  41.59 

Wyoming: 

Total  102.7  112.2  129  139.5  145 


Growth  Hate  81-88  83-88 

Montana  3.2%  7.4% 

Wyoming  4.4%  4.4% 


♦preliminary 


Source:     Jim  Oppedahl,  Office  of  the  Governor,  Montana 
and  Richard  Jones,   Wyoming  Geological  Survey. 
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plans  for  capacUy  additions.     Given  the  lead  time  to  bring  a  new  coal-fired 
unit  on  line  these  plans  are  an  upper  limit  to  new  capacity  additions.     A 
suimnary  comparison  of  the  two  most  recent  NERC  reports  for  the  total  U.S. 
coal-fired  additions  is  provided  in  Table  11.     The  nine  years  that  overlap  in 
the  1983  and  1984  forecasts  are  compared.     In  just  one  year  the  forecasts  are 
down  by  44.1  mtpy  equivalent  or  23%  due  to  delay  in  unit  on  line  date  or 
project  cancellation.    The  growth  rate  implicit  in  the  first  forecast  is  about 
3.2%  and  in  the  second  2.5%.     The  point  here  is  that  the  ten  year  forecasts 
are  an  upper  limit  given  miminura  lead  time  plus  the  potential   for  slippage  and 
cancellation.     Secondly,  key  determinants  of  coal  production  in  the  long  run 
are  clearly  coal-fired  capacity  additions  and  the  growth  rate  of  electrical 
generation.     Both  of  these  are  quite  volatile  and  difficult  to  predict  as  is 
apparent  here.    Our  approach  1n  the  longer  term  modeling  below  is  to  look  at  a 
range  of  electrical   forecasts  for  1%,  2%,   and  3%  electric  growth. 

Based  on  the  NERC  reports,  an  upper  limit  estimate  of  uncommitted  new  coal- 
flred  capacity  in  the  market  area  1985-1993  is  reported  in  Table  12.     In  the 
historical  Montana  new  plant  market  (as  developed  In  Chapter  II)  of  Montana, 
Illinois,  Michigan,  Minnesota  and  Wisconsin,  there  are  only  2  new  units  totaling 
1172  mw  or  3.7  mtpy  potential   that  is  not  currently  contracted.     Texas  is 
tabulated  here  in  the  Wyoming  market  with  11  units  and  21.2  mtpy.     The  basic 
picture  is  that  the  uncommitted  tonnage  associated  with  new  plants  in  the 
historical  19  state  market  for  NGP  coal   is  small--only  47  mtpy  for  the  next  nine 
years.     Almost  half  of  this  is  in  Texas,  which  is  now  almost  certainly  out  of 
the  NGP  market  due  to  scrubber  reqirements.     As  will  be  seen  below,  even  a  $3 
reduction  in  Montana  price  would  only  extend  the  Montana  market  beyond 
historical   limits  to  Include  parts  o^  Iowa,  Nebraska,  Missouri  and  Indiana. 
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Table  11 


Comparison  of  NERC  Forecasts  for  U.S.  Total  New 
Coal-FfredlSeneratIng  Capac7ty~I?8?7rg72 


Year  of 
Forecast 


#  Units  mw  Capacity 


mtpy*  coal 
(equivalent) 


1983 


115 


61.300 


194.2 


1984 


47 ,386 


150.1 


Difference 


26 


13.914 


44.1 


♦Assumes  3167.5  tons/mw-year. 
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Table  12 


1985-1993 
Uncommitted  New  Coal -Fired  Capacity  In 
iTTtate  Market   — 


Market* 


Montana 

Minnesota 

Wisconsin 


#Un1ts 

1 

1 


mw  Capacity 

772 
400 


Wj  tons/year* 


Subtotal 


1,172 


3.7 


B. 

Wyoming 

Arkansas 

1 

Colorado 

4 

Indiana 

2 

Iowa 

1 

Louisiana 

2 

Missouri 

4 

Oklahoma 

2 

Texas 

11 

Subtotal 

27 

C. 

Total 

29 

836 

1,485 

859 

550 

1,340 

900 

1,140 

6,688 

13,798 

14,970 


43.7 
47.4 


♦NONE  1n  Montana,  Illinois,  Michigan,  North  Dakota,  South  Dakota,  Nebraska, 
Kansas,  Oregon,  Wyoming. 

**Assumes  3167.5  tons/mw-year. 
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But  these  states  are  only  adding  7.2  mtpy  of  capacity.  To  conclude,  the 
potential  new  generation  capacity  for  Montana  coals  in  the  near  term  ranges 
from  3.7  mtpy  to  10.9  mtpy  for  even  very  large  price  reductions. 
B.  Sherco  Unit  #3 

The  two  new  units  that  comprise  the  market  potential  to  1993  in  Wisconsin 
and  Minnesota  are  Northern  State  Power  (NSP)  Sherco  #3,  on  line  in  late  1987; 
and  NSP's  Wisconsin  Coal  #1  slated  to  be  on  line  5/93.  The  timing  of  the  NSP 
unit  projected  for  5/93  will  depend  on  electric  generation  growth  and  may  well 
be  rescheduled  to  1995  or  later.  In  short,  it  is  possible  that  to  1993,  the 
only  new  plant  that  Montana  8700  BTU  coal  producers  may  pick  up  is  Sherco  #3. 
In  fact  Bids  have  been  taken  on  this  plant  in  November  1984  and  a  contract 
will  be  let  in  April  1985  for  1.5  to  2.5  mtpy. 

Recently  NSP  signed  a  contract  with  a  new  Wyoming  mine,  the  Rochelle 
mine,  for  1  mtpy  to  be  delivered  to  its  Minneapol Is/St.  Paul  area  plants. 
This  has  raised  questions  about  whether  Montana  will  maintain  its  market  share 
in  Minnesota.  In  Figure  6  we  provide  a  comparison  of  actual  and  estimated 
delivered  prices  at  an  older  NSP  plant  in  Minneapolis  (King)  and  at  Sherco  #3. 
We  will  compare  Rochelle  and  Western  Energy  (Col strip)  coals.  Since  BTU's  are 
similar,  we  present  the  analysis  In  $/ton  for  convenience. 

Actual  delivered  prices  at  King  in  1984  were  $27.90  Colstrip  and  $26.79 
Rochelle.  Based  on  the  average  Colstrip  FOB  of  11.00,  we  estimated  rail  at 
16.90.  Rochelle  benefits  from  the  CNW  rail  expansion  into  the  Powder  River. 
NSP  has  Indicated  that  BN  and  CNW  rates  are   similar,  but  that  CNW  may  be  1 
mill/ton-mile  lower.  Using  this  information  and  the  actual  rail  mileages,  we 
estimate  CNW  rail  at  $20.73  and  derive  a  $6.06  $/ton  FOB  for  Rochelle. 
Industry  sources  indicate  this  is  a  fairly  accurate  estimate.  The  difference 
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Figure  6 
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ROCHELLE 
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MOTANA  vs.  WYOMING  DELIVERIES  TO 
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here  1s  only  $1.11  $/ton  or  cents  per  million  BTU  (Colstrip  8824,  Rochelle 
8942  BTU/lb.  on  August  1984  shipments)  158.U  versus  149.8«l  or  8.36 

The  Rochelle  mine  is  probably  as  competitive  in  Minneapolis  as  any  Wyoming 
mine.  It  is  higher  BTU  than  average  (8900  vs.  8400),  it  benefits  from  the  CMW, 
and  the  FOB  is  at  the  bottom  end  of  the  frequency  distribution  for  Wyoming  coal 
prices.  The  latter  is  illustrated  for  a  sample  of  derived  1984  Wyoming  FOB's  in 
Figure  7.  The  main  finding  is  thv^t  the  distribution  is  bimodal  at  around  $7/ton 
and  $11-$12  per  ton.  The  lower  prices  are  reflecting  major  price  reductions  on 
new  contracts  out  of  Wyoming,  possibly  due  to  large  excess  capacity  of  60  to  80 
mtpy  and. the  current  soft  coal  market.  For  perspective,  the  average  Wyoming  FOB 
for  Powcer  River  mines  is  close  to  $10.00  and  the  new  contract  average  is  around 
$7.70,  but  Rochelle  to  NSP  is  $6.  By  comparison  the  Montana  average  FOB  is 
around  $11  and  only  exceeds  Rochelle  In  delivered  price  by  $1.11  at  King.  In 
short,  modest  price  reductions  by  Montana  coal  producers  in  the  Minneapolis  area 
of  only  uround  $1  will  continue  to  make  them  competitive  even  against  a  $4 
Wyoming  reduction  (to  $6)  with  CNW  service. 

For  Sherco  #3,  delivered  price  is  reported  in  Figure  6  based  on  Colstrip 
actual  deliveries  to  Sherco  #1  and  #2  of  $23.27.  Industry  sources  indicate 
rail  is  13.73  (or  1.8^/ton-mile)  implying  a  $9.54  Montana  FOB.  Sherco  #3  is 
in  Becke",  Minnesota,  which  is  not  served  by  CNW.  Accordingly,  we  have 
assumed  that  rail  rates  from  Montana  and  Wyoming  will  be  the  same.  On  this 
basis,  and  assuming  Rochelle  bids  $6.06,  the  Rochelle  delivered  is  $24.35  or 
$1.08  above  Colstrip.  In  cents  per  million  BTU  it  is  132.3^  Montana  and 
137.5^  Wyoming,  or  5.2^  advantage  to  Montana. 

It  appears  that  Montana  has  the  edge  at  Sherco  #3,  but  only  by  a  slim 
margin  at  the  assumed  prices.  The  interesting  question  here  concerns  the 
potential  for  price  reduction  at  Montana  mines.  If  some  Wyoming  producers  are 
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Figure  7 

Frequency  Distribution  of  1984 
Wyoming  FOB  Mine  Prices 
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cutting  prices  from  $10  to  $6  and  opening  new  mines  at  $6,   what  are  possible 
competitive  prices  out  of  Montana  given  1983  average  FOB  of  $11.00.     There  may 
well  be  significant  differences  In  production  costs  across  mines  due  to 
overburden  ratios,   seam  thickness,  and  mine  scale.     However,  It  may  also  be 
that  there  1s  potential   for  significant  price  reduction  (at  least  on 
Incremental   production)  by  Montana  producers. 
C.     Long-Term  Forecast 

While  contracts  and  known  coal-fired  additions  are  the  best  basis  for 
short-term  forecasts,  a  long  run  projection  requires  a  more  formal   model.     The 
basic  fo.*cast1ng  model   used  in  this  analysis  was  originally  developed  under  a 
contract  with  the  U.S.  Office  of  Surface  Mining  (Duffield  et  al^,    1982).     The 
model  provides  estimates  of  the  derived  demand  for  coal  by  the  electric 
utility  sector.     This  end  use  accounts  for  95%  of  current  coal   consumption  out 
of  the  Northern  Great  Plains. 

The  model  has  three  principle  components  (Figure  8):     a  spatial  market 
model,  an  electric  forecasting  model,  and  an  interfuel   substitution  algorithm. 
In  the  original  model,   the  spatial  analysis  concerned  Powder  River  coal  versus 
seven  competing  coal  supply  centers  in  Illinois,  Texas,  New  Mexico,   southwest 
Wyoming,  Utah  and  Washington.     A  Powder  River  supply  center  at  Gillette  was 
used  to  represent  both  Montana  and  Wyoming  Powder  River  coals.     The  current 
analysis  requires  an  additional  market  boundary  del1neat1on--between  Montana 
and  Wyoming  coals.     The  new  Montana  supply  center  is  located  at  Forsyth,   with 
the  Wyoming  supply  center  at  Bridger  Jet.     The  programming  for  the  modified 
computer  model   for  generating  new  hyperbolic  market  boundaries  (NEWHYP)  is 
provided  in  Appendix  A.     The  basic  purpose  of  the  spatial   model   1s  to  Identify 
the  geographical  areas  where  Montana  and  Wyoming  coals  are  least  cost  against 
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Figure  8 
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competing  fuels.     Assuming  that  electric  utilities  are  well-informed  and  that 
utilities  are  cost-mlnlmlzers,  the  model  will  have  Identified  the  spatial  coal 
markets  for  Montana  and  Wyoming  coals,  respectively.     The  basis  of  the  cost 
comparison  Is  not  simply  current  $/ton  or  cents/MBTU  delivered,  but  Is  Instead 
based  on  the  estimated  present  value  of  all  coal -related  costs  to  a  given 
utility  over  the  life  of  a  given  plant.     These  costs  Include  variations  In  coal- 
fired  plant  construction  and  operat'ing  expenses  as  a  ^'unction  of  coal    rank  (BTU 
content)  and  quality  (sulfur,    abh).     The  latter  are  1n  turn  a  function  of  the 
flue-gas  desulfurlzatlon  standards  assumed  to  be  In  effect.     In  addition,   the 
present  value  calculation  requires  specification  of  a  discount  rate  and 
escalation  rates  for  each  of  the  key  cost  components  (e.g.    transportation, 
etc.).      .he  original   data  base  1s  described  In  considerable  detail    In  Duffleld 
et  al,  1982. 

Once  the  spatial  market  Is  Identified,  It  Is  necesssary  to  forecast  the 
growth  cF  electric  consumption  In  the  market  area.     Since  the  demand  for  Powder 
River  coal   Is  largely  derived  from  the  demand  for  electricity,  coal  production 
Is  closely  tied  to  the  growth  rate  of  electric  generation  In  the  market  area. 
An  econometric  state-level   forecasting  model   developed  at  the  Oak  Ridge  National 
Laboratory  has  been  adapted  to  forecast  electric  consumption  In  the  market  area. 
Consumption  In  states  bisected  by  the  market  boundary  Is  allocated  to  competing 
coals  on  the  basis  of  the  grid  location  of  population  centers  vis-a-vis  the 
boundary      The  electric  forecast  Is  driven  by  exogenous  population.    Income  and 
price  scenarios.     An  alternative  approach  Is  to  use  the  rates  of  growth 
currently  being  forecast  at  the  state  and  regional   level   by  other  analysts  (e.g. 
the  U.S.  Department  of  Energy,    the  National   Electric  Reliability  Council 
[NERC],  etc.). 
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The  final  component  of  the  overall  model   Is  an  Interfuel   substitution 
algorithm  for  allocating  electric  production  capacity  among  competing  fuels 
(coal,   oil,    gas,    nuclear  and  hydro).     The  latter  Is  simplified  by  long 
construction  lead  times  and  known  commitments  to  nuclear  facilities.     The 
overall  model   Is  relatively  simple,  robust  and  low  cost  compared  to  the  linear 
programming  approach  taken  In  the  large  national  coal  models.    Nonetheless, 
model  predictions  have  been  found  to  be  consistent  with  the  pattern  of  change  1n 
current  and  contracted  coal  deliveries  ^n  the  region.     Future  levels  of  coal 
production  from  the  NGP  will  be  closely  tied  to  real   Increases  In  mining  labor 
costs,   rail  transportation,  and  the  growth  rate  In  electrical  consumption.     The 
other  key  factors  will  be  federal  policy  for  sulfur  dioxide  air  pollution 
control,   transportation  regulation,  fuel  switching,  and  federal   subsidy  and 
regulation  of  nuclear  and  synthetic  fuel  plants.     The  scale,   timing  and  location 
of  development  Is  also  closely  tied  to  federal   reclamation  and  leasing  policy. 

It  Is  beyond  the  scope  of  this  paper  to  provide  a  complete  discussion  of 
the  basic  model.     The  Interested  reader  Is  referred  to  Duffleld  et  al_  (1982). 
In  the  following  section,  the  spatial  market  model   Is  briefly  described.    The 
schematic  In  Figure  8  provides  an  overview  of  the  basic  model  components, 
Information  flows,  and  key  policy  Inputs. 

Spatial  Market  Model 

Commodities  which  have  a  low  value  to  weight  ration,  such  as  coal  or 
cement,  have  a  fairly  well-defined  geographical   market.     The  basic  theory  of 
spatial   markets  Is  due  to  Hyson  and  Hyson  (1950)  and  has  been  previously 
applied  to  model   coal   markets  by  Watson  (1972),   Silverman  et  al_  (1976)  and 
Campbell   and  Hwang  (1978).     The  work  described  here  1s  an  extension  of  the 
applications  by  Watson  and  Silverman,   which  were  limited  to  two  competing  coal 
sources.     Campbell    and  Hwang's  paper  provides  a  solution  for  multiple  sources 

III-13 


and  quadratic  transportation  functions,  but  did  not  account  for  the  critical 
differences  in  coal  qualities  (especially  sulfur  content). 

The  spatial  market  boundary  is  defined  by  the  following  equilibrium 
relationship: 

(1)  Mi+TiDi=M2+T2D2  or  solving  for  03: 

(2)  D2=(M2-Mi)/T2  +  TiD^/Tg  or 

(3)  D2=k+hDi  where: 
Mj^  is  the  mine  mouth  (FOB)  price  cf  coal  1 

T^  is  the  variable  cost  of  transportation 
D^  is  the  distance  from  mine  1  to  the  market  boundary 

In  short,  the  spatial  market  boundary  between  two  competing  coals  is  defined 
as  the  loci  of  points  where  the  delivered  prices  are  equal.  To  one  side  or 
the  other,  a  given  producer  has  a  cost  advantage  and  dominates  the  market. 
Application  assumes  that  buyers  are  cost  minimizers,  that  producing  areas  may 
be  approximated  by  point  sources,  that  a  fairly  uniform  transportation  network 
exists,  and  that  coal  prices  may  be  taken  as  exogenous.  The  latter  can  yield 
good  approximation  of  reality  here  as  current  market  structure  in  the  mining 
areas,  and  the  very  vast  scale  of  reserves,  imply  quite  elastic  supply  curves. 
In  any  case,  the  forecasting  model  can  be  used  to  increment  mine  mouth  prices 
and  transportation  rates  in  any  given  year. 

A  solution  to  the  relationship  in  Eqs.  1-3  requires  the  introduction  0*  a 
spatial  constraint.  For  example,  using  a  rectangular  coordinate  system 
(Figure  9)  with  H  defined  as  the  distance  between  competing  centers  and 
applying  the  Euclidian  distance  function,  Eq.  3  becomes: 

(4)  (H-x)2+y2=k2+2hk(x2+y2)l/2+h2(x2+y2) 

The  solutions  to  this  quartic  polynomial  yield  the  loci  of  market  boundary 
points.     Solutions  to  Eq.    (4)  were  originally  investigated  by  DesCartes  as  a 
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Figure  9 
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problem  in  optics  and  are  known  as  DesCartes'  ovals.     It  can  be  shown  that 
when  the  T^^  are  equal,   the  boundary  is  a  hyperbola  and  when  the  M^  are  equal 
it  is  a  circle.    -The  general  case  yields  roughly  eliptical   curves.      In 
application,   Eq.    (4)   is  first  solved  for  the  point  on  the  straight  line 
between  market  centers  (y=0).     Then  y  can  be  iterated  to  solve  for  additional 
points.     Boundaries  vis-a-vis  more  than  one  center  are  identified  by  rotation 
of  the  axis. 

The  application  to  coal  entails  defining  the  mine  mouth  price  to  include 
all   distance  independent  costs  of  burning  a  given  coal,  then: 
(5)  Mi=(CPi+FTCi)TONSi+KCOSTiFCRi+OMiTi 

Ti=VTCiTONSjL 

TONSi't^HRi/HCiZOOO  where: 

CPj^  is  the  mine  mouth  price  of  coal   1 
FTCj^  is  the  fixed  transportation  cost  of  coal  1 

TONS^  is  the  total   tons  of  coal  1  required  to  utilize  a  unit  of  generating 
plant  capacity  (kilowatt)  for  one  year 

KCOST^  is  the  generating  plant  capital  cost  associated  with  coal   1 
(desulfurization  equipment,    oversize  boilers,    etc.) 

FCRj^  is  the  fixed  charge  rate  used  to  annualize  capital   expenditures  OM^   is 
the  operation  and  maintenance  charge  specific  to  coal  1  (mainly  pollution 
control   equipment) 

VTCj   is  the  variable  cost  per  ton-mile  of  transportation 
tj^  is  the  hours  per  year  that  the  tenerating  plant  is  anticipated  to  operate 
HR^  is  the  heat  rate  at  which  coal  BTU's  are  converted  to  kilowatt  hours  of 
energy  by  the  generating  plant 
HCj^  is  the  heat  content  of  coal   1   in  BTU's  per  pound 
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The  model  was  previously  applied  to  seven  major  supply  centers  that 
compete  with  N6P  coal:   the  Eastern  Interior  Basin  (Illinois),  Texas  lignites, 
Washington  (Central  la),  Utah  (Uinta  Basin),  New  Mexico  (San  Juan  Basin), 
Colorado,  and  southern  Wyoming  (Green  River/Haras  Fork).  In  general,  NGP  coal 
Is  lower  BTU  content  (8500  BTU/lb  average  versus  11,000  to  12,000  ^or  Interior 
and  Utah  coals),  lower  sulfur  (0.6%  for  most  western  coals  versus  3'  and  up 
for  Illinois),  and  lower  cost  ($8  to  $12  per  ton  versus  around  $20  per  ton  FOB 
for  most  of  the  other  coals.) 

A  major  determinant  of  the  boundary  location  Is  the  relative  cost  of 
meeting  sulfur  emission  standards.  The  shipment  of  substantial  amounts  of  NGP 
coal  beginning  In  the  1970's  was  closely  tied  to  the  federal  New  Source 
Performance  Standards  (NSPS)  that  came  Into  effect  in   1971  and  required  that 
all  new  coal  fired  generating  plants  meet  an  emission  standard  of  1.2  lbs  of 
sulfur  per  million  BTU  of  fuel  Input.  Some  NGP  coal  was  able  to  meet  this 
standard  with  no  flue  gas  desulfurlzatlon  (or  scrubbing)  and  therefore  had  a 
considerable  cost  advantage  over  high  sulfur  coals.  However,  the  standards 
were  revised  In  1978  and  the  RNSPS  In  effect  require  90%  control  on  high 
sulfur  coals  and  70%  control  on  low  sulfur.  This  change  Increases  the  cost  of 
using  NGP  coal  and  was  In  part  brought  about  by  the  political  power  of  the 
midwestern  coal  lobby  that  was  attempting  to  protect  Its  market  from  western 
coals. 

The  parameters  required  for  an  application  of  the  spatial  component  of 
the  model  and  forecast  results  for  Montana  versus  Wyoming  coals  are  presented 
below. 

Data  and  Parameters 

The  basic  data  requirements  for  each  boundary  in  a  spatial  market  model 
run  are  listed  in  Figure  10.  The  actual  data  input  files  and  spatial  maps 
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Figure  10 
Variable  Description  for  Market  Boundary  Parameters* 
Variable  Description 


Power  plant  size        (net  MW) 

Hours  operated  at  full    load  (hours) 

Power  plant  heat  rate        (BTU/KWhr) 

Coal   heat  content        (BTU/lb)' 

Power  plant  heat  rate         (BTU/KWhr) 

Coal   heat  content  (STU/lb) 

Power  plant  capital  cost        ($/KW) 

Power  plant  capital  cost        ($/KW) 

Fixed  charge  rate  (decimal) 

Operating  and  maintenance  costs     ($/KWhr) 

Operating  and  maintenance  cots       ($/KWhr) 

FOB  mine  price  ($/ton) 

FOB  mine  price  ($/ton) 

Fixed  transportation  cost  ($/ton) 

Fixed  transportation  cost  ($/ton) 

Variable  transportation  costs     ($/ton-air  mile) 

Variable  transportation  costs     ($/ton-air  mile) 

Straight  line  distance  between  A  &  B         (miles) 


*Duff1eld,  Silverman  (1982)     p.  8-55 
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(discussed  below)  are  provided  In  Appendix  C.  Many  of  the  parameters  ure 
based  In  part  on  the  original  documentation  (Duffield  jet  al_,  1982);  since  the 
latter  runs  to  over  600  pages,  only  a  brief  summary  of  key  parameters  and 
updates  will  be  provided  here.  Each  column  in  Appendix  C  Tables  corresponds 
to  a  boundary. 

Each  of  the  key  parameters  will  be  discussed  briefly  below: 

1.  Size; 

The  model  plant  for  the  current  study  was  assigned  a  size  of  500  MW. 
This  was  based  on  a  survey  of  net  capacity  of  utility  boilers  in  Duffield, 
Silverman  (1982),  where  the  average  net  capacity  equaled  500  MW. 

2.  Capacity  Factor; 

A  65%  average  capacity  factor  was  assumed  which  results  in  5694 
operating  hours  per  year.  This  average  capacity  factor  was  based  on  Duffield, 
Silverman  (1982). 

3.  Heat  Rates; 

The  heat  rates  for  the  1984  study  were  based  on  the  heat  rates  develooed 
in  Duffield,  Silverman  (1982).  This  was  corroborated  in  a  phone  discussion 
with  a  member  of  ICF,  where  the  original  information  was  developed.  Montana's 
model  plant  was  assumed  to  be  the  same  as  the  Powder  River,  Wyoming  plant. 

4.  Power  Plant  Capital  Costs: 

These  are  based  on  costs  developed  in  Duffield,  Silverman  (1982).  PPCC 
w/o  sulfur  control  costs  were  escalated  to  1984  dollars  at  a  real  rate  of 
2.3%.  The  sulfur  control  costs  were  escalated  to  1984  dollars  at  a  real  rate 
of  0.5%.  After  multiplying  the  PPCC  w/o  by  a  capacity  penalty,  the  two  costs 
are  added  together  in  order  to  get  total  power  plant  capital  costs.  These 
costs  are  levelized  within  the  model  when  multiplied  by  the  fixed  capital 
recovery  factor.  In  addition  to  accounting  for  real  changes,  all  inputs  w»?re 

III-19 


converted  from  mid-1980  dollars  to  m1d-l984  dollars  by  the  Implicit  Price 
Deflator  (IPD)  for  GNP. 

5.  Fixed  Capital  Recovery  Factor: 

The  FCRF  in  1984  was  assumed  to  be  the  same  as  in  1982,  based  on  Duf field 
and  Silverman  (1982). 

6.  Operation  and  Maintenance  Costs; 

These  are  based  on  costs  developed  in  Duffield,  Silverman  (1982).  1932 
operating  and  maintenance  costs  v-'ithout  sulfur  are  escalated  to  1984  dollars 
at  a  real  escalation  rate  of  1.2%.  The  additional  operation  and  maintenance 
costs  for  sulfur  control  was  also  escalated  at  a  real  rate  of  \.2%.     These  two 
costs  are  added  together  to  determine  total  1984  operation  and  maintenance 
costs.  (See  tables  6,  7,  9  pp.  8-14:8-17,  Duffield,  Silverman,  1982)  Montana 
operation  and  maintenance  costs  were  assumed  to  be  the  same  as  Wyoming  Powder 
River  power  plants. 

7 .  FOB  Mine  Prices: 

Because  FOB  mine  prices  on  a  contract  basis  are  confidential,  a  number  of 
alternative  price  sources  were  investigated  as  summarized  in  Table  13.  One 
source  for  Montana  coal  FOB  prices  are  a  weighted  average  based  on  the  mine 
specific  reports  on  the  Gross  Proceeds  Tax  form  for  1983.  The  Decker  and 
Spring  Creek  mines  produce  coal  that  is  somewhat  higher  3TU  content  (Decker 
averages  9600  BTU)  than  the  other  three  subbituminous  producers  (Westmoreland, 
Western  Energy  and  Peabody  averaging  around  8400  to  8700  BTU/lb).  The  latter 
three  mines  produce  coal  more  similar  to  the  average  Wyoming  Powder  River 
coals  centered  around  Gillette.  The  average  FOB  for  the  three  mines  in  1983 
varied  from  10.77  to  11.13  and  averaged  $11.01/ton. 

By  contrast,  the  Decker  coal  sells  at  a  much  higher  average  price  of 
$19.31  in  1983.   (Spring  Creek  is  intermediate  at  $15.96.)  The  price  premium 

III-20 


Table  13 


Comparison  of  FOB  Prices 
Montana  and  Wyoming 


A.  State  Tax  Records  for  1983; 


Source  Montana 

BTU      $/ton 

8700      10.77 

11.13 

10.90 

9300      15.96 

9600      19.31 

B.  New  Contract  Information; 

8700       9.50 

C.  Coal  Week  -  New  Contracts  1984; 

8600       9.75 
9300      12.00 


Wyoming 
BTU      $/ton 


8450       9.77 


8450       7.70 


8100       6.25 
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reflects  the  higher  BTU  and  low  sulfur  qualities  of  Decker  coal.  Based  on  an 
analysis  of  mine-utility  specific  deliveries  for  1984  (U.S.  Department  of 
Energy  tape  of  Form  423)  Decker  and  the  south  Wyoming  mines  (Black  Butte, 
Carbon  County,  etc.)  appear  to  be  competing  in  a  somewhat  separate  market  from 
the  more  typical  lower  BTU  Montana  and  Wyoming  PowderRiver  coals. 

The  FOB  mine  price  for  Wyoming  coal  is  more  difficult  to  obtain  since  it 
is  reported  only  on  a  confidential  form.  Only  "value  per  ton"  is  reported  by 
the  Wyoming  Department  of  Revenue.  However,  individuals  in  the  Wyoming  Ad 
Valorum  Tax  Division  were  able  to  supply  us  with  an  average  for  Powder  River 
Basin  mines  of  $9.77  for  1983. 

Prices  based  on  state  tax  records  are  probably  the  best  source  for 
current  average  price.  However,  this  average  includes  prices  based  on 
contracts  that  were  signed  10-15  years  ago.  For  purposes  of  our  model,  it  is 
necessary  to  know  what  current  prices  are  for  new  contracts.  One  source  for 
such  estimates  is  Coal  Week.  Based  on  the  latter,  Wyoming  producers  are 
bidding  new  contracts  at  an  average  of  6.25$/ton.  This  is  $3.50  below  the 
existing  contract  average  of  $9.77  in  1983.  Another  estimate  for  Wyoming  new 
contracts  from  individuals  at  the  Wyoming  Geological  Survey  is  $7.70.  The 
Coal  Week  $6.25  may  be  low  for  an  average,  but  is  close  to  the  $6  estimate 
derived  for  the  Rochelle  Mine's  Minneapolis  deliveries  as  discussed  above. 

The  current  distribution  of  Wyoming  Powder  River  prices  was  also  summarized 
in  Figure  7  above  and  briefly  discussed.  The  distribution  in  Figure  7  is  based 
on  a  set  of  estimated  prices  for  Powder  River  Coal  published  in  Coal 
Transportation  Report  (February  20,  1984).  Figure  5  is  a  frequency  plot  of  20 
useable  observations  (early  1984  prices)  on  Wyoming  Powder  River  mines.  The 
most  interesting  finding  is  that  the  distribution  is  bimodal  at  about  $6.50  and 
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$12.  This  reflects  perhaps  the  most  Important  recent  coal  market  development  In 
the  Powder  River,  which  Is  price  cutting  by  siome  of  the  large  Wyoming  producers. 
As  an  example,  It  was  recently  reported  on  the  Wyoming  Quarterly  Update  (summer 
1984)  that  Omaha  Public  Power  has  renegotiated  a  coal  supply  price  with  Exxon 
(Caballo  and  Rawhide  mines)  that  resulted  In  a  drop  In  FOB  mine  price  from 
$825/ton  to  $5.75/ton.  Our  preliminary  analysis  of  delivered  July  1934  prices 
based  on  Form  423  and  BN  tariffs  disclosed  a  number  of  what  appear  to  be  long 
term  contracts  delivered  on  the  order  of  $6  to  $7/ton. 

For  Wyoming  prices  on  average,  it  appears  that  market  forces  have  lowered 
new  coal  contract  prices  by  several  dollars.  While  7.70  $/ton  may  be  the  best 
available  average,  for  our  modeling  we  have  also  done  a  number  of  estimates  at 
$6/ton,  given  the  possible  significance  of  these  low  bids  for  the  Minnesota 
market. 

Based  on  Coal  Week  and  the  contract  estimate  derived  above  for  the  Sherco  ^ 
#3  analysis,  Montana  coal  producers  have  also  lowered  contract  bids.  The 
estimated  reduction  Is  $1.25  to  $1.50  for  9.50  to  9.75  $/ton  for  8700  BTU 
coal.  Spring  Creek  type  coal  Is  down  considerably,  $4,  to  $12/ton  from  the 
contract  average.  For  purposes  of  our  analysis,  we  have  taken  9.50  as  a  base 
estimate  for  8700  BTU  Montana  coal  and  $12  to  $12.50  for  9300  to  9600  BTU 
coal.  However,  It  should  be  noted  that  unlike  the  Wyoming  prices,  there  Is 
not  much  market  evidence  on  whether  these  are  the  most  appropriate  estimates. 
Particularly  for  Decker  type  coal,  with  an  average  FOB  In  1983  of  19.31,  If 
the  Coal  Week  estimates  are  correct  at  least  some  Montana  producers  have 
considerable  room  for  price  adjustments.  It  Is  Impossible  to  address  these 
questions  without  analysis  of  mine  specific  production  costs.  The  Litter  is 
Important  but  beyond  the  scope  of  this  analysis.  ^ 
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9.  Transportation  Rates; 

For  most  coal  shipments  out  of  the  Powder  River  the  dominant  cost  component 

in  delivered  price  is  transportation.  In  1980  the  fixed  and  variable  cost 

components  for  NGP  shipments  were  $1.04/ton  and  $.0113/ton-mile  respectively 

based  on  a  study  by  ICF,  Inc.  In  order  to  estimate  current  rates,  the  complete 

set  of  burlington  Northern  (BN)  time-volume/unit  train  tariffs  as  of  July  1984 

was  obtained  for  Wyoming  and  Montana  coal  shipments.  Based  on  regression 

analysis  of  120  observations,  the  following  linear  equation  was  specified: 

TARIFF  =  1.77  +  .0166  MILE 
(t-statlstic)  {?.67)   (27.80) 

The  overall  adjusted  R-square  was  .88,  Indicating  an  excellent  fit  to  the 

data.  When  "minimum  volume"  was  Included  as  a  second  independent  variable, 

the  estimated  coefficient  was  not  significantly  different  from  zero.  The 

estimates  above  are,  of  course,  in  mid-1984  dollars.  This  indicates  a  yearly 

nominal  change  in  rail  tariffs  of  9.2%  or  (given  the  change  in  the  IDP  mid-80 

to  mid-84)  3.4%  annual  real  Increase.  This  Is  very  close  to  the  historical 

3.5%  change  (15  year  basis)  as  well  and  the  escalation  rate  used  for 

level Izing  rail  transport  In  our  1982  study.  However,  our  preliminary 

analysis  of  the  1983  and  1984  unit  train  rate  changes  indicate  a  possible 

slowing  of  rate  increases  toperhaps  1%  real  per  year.  The  latter  was  used  in 

Tables  1  to  4  to  derive  level ized  rail  rates  for  1984.  For  example,  the  first 

year  variable  cost  per  ton  mile  is  estimated  to  be  .0166  in  1984.  Level ized 

over  30  years  at  1%  per  year  and  a  real  weighted  cost  of  capital  of  3.77% 

yields  a  level  ized  variable  cost  of  .0189  per  rail  mile.  Since  our  model  is 

run  on  actual  (air  mile)  rectangular  coordinates,  this  is  inflated  by  the 

rail/air  mile  ratio  for  each  boundary  (e.g.  1.30  for  most  locations  or  .0246 

as  in  Appendix  C  Tables). 
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In  order  to  account  for  the  substantial  additional  distance  Wyoming  coal 
must  travel  to  the  major  Montana  low-BTU  market  In  Minnesota,  fixed 
transportation  cost  equivalent  to  an  extra  200  miles  was  Included  In  the 
Wyoming  transportation  cost  function.  Similarly  In  modeling  states  just  south 
of  the  Minnesota  and  Wisconsin  borders,  the  difference  In  air  to  actual  miles 
from  the  market  centers  required  an  80  air  mile  addition  to  Wyoming  fixed 
costs. 

10.  Contract  Data: 

Existing  contracts  for  Wyoming  (Powder  River  only)  and  Montana  coals  are 
summarized  In  Appendix  B.  This  data  Is  derived  from  a  listing  purchased  from 
Coal  Network  Associates,  Inc.  and  Is  difficult  to  verify.  In  particular.  It 
appears  that  deliveries  from  all  states  to  a  given  plant  are  occasionally 
averaged  to  yield  the  $/ton  figures  listed. 

11.  Reclamation  Costs: 

Reclamation  costs  In  the  Powder  River  Basin  are  truly  site  specific. 
Although  state/federal  rules  and  guidelines  applied  In  the  Individual  states 
offer  minor  differences  between  Montana  and  Wyoming,  cost  differences  are 
clearly  most  sensitive  to  overburden  ratios,  coal  seam  thickness,  quality  of 
the  overburden  (acceptability  as  a  growing  medium)  and  the  amount  of  heavy 
earth  moving  as  a  function  of  mine  design.  In  general,  for  Powder  River  Basin 
area  mines,  earth  moving  costs  will  range  from  one- third  to  one-half  total 
reclamation  costs.  Revegetatlon  costs  will  average  10%  to  15%  of  total  costs, 
and  depending  upon  the  site,  reclamation  cost  can  range  from  a  low  of  $.25  per 
ton  (est.)  to  a  high  of  perhaps  $1.00  per  ton  (est.).  High  and  low  range  can 
be  found  1n  both  Montana  and  Wyoming.  Because  of  the  variation  In  costs  in 
both  states,  resulting  In  some  possible  Montana  reclamation  costs  bi?ing 
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slightly  higher  or  lower  than  Wyoming  costs  it  is  impossible  to  generalize 
about  the  cost  impact  of  mining  regulations  in  both  states.  Suffice  it  to  say 
that  on  a  delivered  BTU  basis,  the  cost  of  reclamation  is  very  small,  perhaps 
averaging  2.0  to  2.5  cents  per  million  BTU  out  of  a  delivered  price  of  $1.40 
to  $1.60  per  million  BTU. 

A  model  for  reclamation  costs  in  the  Powder  River  Basin  is  the  Rosebud 
Mine  of  Western  Energy  at  Colstrip,  Montana.  Costs  at  this  mine,  shown  below, 
probably  reach  the  average  for  mines  in  the  region,  or  slightly  above  the 
average.  Big  Sky  Mine  of  Peabody  Coal  will  probably  have  somewhat  higher  costs 
per  ton,  while  Decker  cojts  are  probably  somewhat  lower.  In  Wyoming,  most 
reclamation  costs  are  somewhat  lower  than  Rosebud  due  to  thicker  seams,  lower 
overburden  and  perhaps  more  stringent  permitting  requirements,  although  the 
latter  is  not  fully  documented  as  yet. 

In  any  case,  reclamation  costs  at  Rosebud,  on  a  per  acre  basis  averages 
just  under  $18,000,  divided  among  Associated  Level  ($600.00/AC),  Facilities 
Level  ($5,800.00/AC)  and  Mining  Level  ($11,500.00/AC)  components.  Based  upon 
an  average  seam  thickness  of  25  feet  and  a  production  of  45,000  tons  per  acre, 
these  values  give  a  reclamation  cost  of  $0.40  per  ton  at  Rosebud,  or  about  2 
cents  per  million  BTU. 

One  note  about  reclamation  costs;  neither  In  Montana  nor  Wyoming  has  a 
reclamation  bond  been  released  and  reclamation  certified  as  complete  or 
accomplished.  This  is  an  important  point;  total  reclamation  has  not  been 
demonstrated  at  any  mine  site  in  either  state,  and  estimated  costs  of 
reclamation  as  calculated  in  bonding  requirements  may  in  fact  be  slightly  low. 
However,  it  is  not  expected  that  future  reclamation  requirements  would  double 
current  estimates. 
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Table  14 

Revised  Status  of  Reclamation  Bonding, 
Rosebud  Mine 


Bond  Level/ 

Operating 

Ownership 

Net  O&O 

Cost  Element 

Cost/Acre 

Escalation 

Cost/Acre 

Associated  Level 

$   480 

1.22 

$   685 

Revegetation 

Facilities  Level 

Scoria  Removal 

$  2,400 

-  . 

$  2,400 

Regrading 

$   495 

1.22 

$   605 

Soil  Redistribution 

$  1,800 

1.22 

$  2,195 

Revegetation 

$   540 

1.22 

$   660 
$  5,860 

Mining  Level 

Regrading 

$  2,244 

1.22 

$  2,740 

Soil  Redistribution 

$  1,224 

1.22 

$  1,495 

Revegetation 

$   425 

1.22 

$   520 

Final  Pit  Reclamation 

$  6,816 

~ 

$  6,815 
$11",57(T 

Source:  Western  Energy  Co.,  December  1983 


III-27 


D.  Montana  Coal  Production  Forecast 

The  coal  production  forecast  described  in  this  section  is  based  on  the  data 
inputs  and  spatial  model  described  earlier.  The  Montana  coal  modeled  is  8700 
BTU  coal.  As  developed  in  Appendix  D,  Decker  9600  BTU  coal  at  $19.00/ton  is 
clearly  out  of  the  RNSPS  new  plant  market.  The  modeling  choice  of  8700  BTU  coal 
is  based  on  uncertainties  about  new  Decker  contract  prices  and  apparent  market 
dominance  by  8700  BTU  coal,  even  at  somewhat  lower  prices  ^or  Decker  type  coal. 

The  basic  analysis  performed  here  was  to  estimate  the  spatial  market  for 
Montana  coal  against  $6.00  and  $7.70  Wyoming  8450  BTU  coal.  The  focus  is  on 
identifying  how  the  Montana  market  changes  as  Montana  FOB  price  changes  in  $1 
steps  from  $10.50  to  $6.50  with  $9.50  the  base  case.  Specific  data  inputs  and 
corresponding  spatial  market  maps  are  described  in  Appendix  C.  The  results  are 
summarized  in  Tables  15  and  16,  which  show  the  population-weighted  percent  of 
each  state  lying  within  the  Montana  coal  market  for  the  ten  specific  price 
combinations. 

Consistent  with  the  specific  discussion  of  the  Minneapolis  deliveries 
above,  Minnesota  is  in  the  Montana  coal  market  against  $6  Wyoming  coal  even  at 
$10.50  (Table  15).  As  the  price  drops  to  $9.50,  the  market  expands  in  the 
northwest  (NW)  into  Washington  and  Idaho  and  in  the  northcentral  (NC)  to 
include  Wisconsin  and  part  of  Michigan.  At  $8.50  all  of  Michigan  and  Idaho 
are  included  and  at  $7.50  most  of  Oregon.  At  $6.50  parts  o^  northern  Illinois, 
Indiana,  and  Iowa  are  in  the  market.  The  market  picture  against  $7.70  Wyoming 
coal  is  similar  except  that  at  lower  prices  the  Montana  coal  market  extends 
further  south  into  Iowa,  Illinois,  and  Indiana.  When  the  Montana  price  is 
substantially  below  the  Wyoming  price  (6.50  Montana  vs.  7.70  Wyoming),  the 
market  even  includes  Nebraska  and  parts  of  Missouri.  In  the  NW  further  market 
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Table  15 


MONTANA  COAL  MARKET 

POPULATION  %  SUMMARY 

AGAINST  6.00  WYOMING  FOB 


State 

Montana  FOB 

10.50 

9.50 

8.50 

7.50 

6.50 

Montana 

1.00 

1.00 

1.00 

1.00 

1.00 

Washington 

.10 

.80 

.80 

.91 

.96 

Oregon 

.09 

.09 

.09 

.84 

1.00 

Idaho 

.19 

.64 

1.00 

1.00 

i.no 

Minnesota 

.96 

1.00 

1.00 

1.00 

1.00 

Wisconsin 

.17 

1.00 

1.00 

1.00 

1.00 

Michigan 

0.0 

.38 

1.00 

1.00 

1.00 

Iowa 

0.0 

0.0 

0.0 

0.0 

.22 

Illinois 

0.0 

0.0 

0.0 

0.0 

.80 

Indiana 

0.0 

0.0 

0.0 

0.0 

.38 

Nebraska 

.  0.0 

0.0 

0.0 

0.0 

0.0 

Missouri 

0.0 

0.0 

0.0 

0.0 

0.0 
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Table  16 


MONTANA  COAL  MARKET 

POPULATION  %  SUMMARY 

AGAINST  7.70  WYOMING  FOB 


State 

Montana  FOB 

10.50 

9.50 

8.50 

7.50 

6.50 

Montana 

1.00 

1.00 

1.00 

1.00 

i.no 

Washington 

.10 

.80 

.80 

.91 

.96 

Oregon 

.09 

.09 

.09 

.84 

1.00 

Idaho 

.37 

.75 

1.00 

1.00 

1.00 

Minnesota 

1.00 

1.00 

1. 00 

1.00 

1.00 

Wisconsin 

1.00 

1.00 

1.00 

1.00 

1.00 

Michigan 

.35 

.38 

1.00 

1.00 

1.00 

Iowa 

0.0 

0.0 

.09 

.92 

1.00 

minols 

0.0 

0.0 

.03 

.90 

1.00 

Indiana 

0.0 

0.0 

.04 

.44 

.86 

Nebraska 

0.0 

0.0 

0.0 

.02 

1.00 

Missouri 

0.0 

0.0 

0.0 

0.0 

.58 
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extension  is  precluded  by  proxIraUy  to  Utah  and  south  Wyoming  coal  centers.     In 
fact  the  extent  of  the  market  In  the  NW  may  be  somewhat  overstated  given  the 
likelihood  of  minemouth  generation  1n  south  Wyoming  with  transmission  by  wire  to 
southern  Idaho  and  Oregon.     We  have  excluded  both  North  and  South  Dakota  from 
the  market  area  based  on  historic  and  projected  minemouth  lignite  plants. 

Incremental   demand  for  coal   Is  each  state  (or  portion  of  a  state)  in  the 
market  area  was  estimated  for  1990,  1995  and  2000  at  1%,  2%,  and  3%  electric 
growth  rates.    After  total  electric  generation  was  calculated  for  a  given 
state  (for  a  specific  year  and  growth  rate)  projected  and  existing  generation 
due  to  hydro,  nuclear,  oil  and  gas  and  existing  coal   was  subtracted  to  get  the 
residual  electric  generation  needs  to  be  met  by  new  coal-fired  plants.    This 
residual  generation  was  then  converted  Into  coal   demand  In  million  tons  per 
year.    The  results  of  this  calculation  summed  over  all   states  Is  provided  In 
Table  17  for  each  of  the  ten  spatial  market  cases.  W 

The  results  In  Table  17  are  consistent  with  known  coal-fired  capacity 
additions  to  1990  and  1993  (for  example.  Table  12).     Utility  plans  as  reported 
to  NERC  were  used  as  an  upper  limit  to  Incremental  coal  demand  In  the  1990 
forecasts  and  In  1995  for  growth  rates  of  1%  and  2%.     As  a  result,    the 
projections  In  Table  17  are  more  realistic  but  have  some  resulting 
discontinuities.     For  example.   In  1990  the  3%  case  Is  not  very  different  than 
the  2%.     This  Is  because  utilities  are  not  planning  for  3%  growth  and  If  such 
occurred,  unexpected  growth  could  not  be  met  with  coal   given  the  lead  time  on 
new  plant  construction.    This  constraint  also  limits  1%  and  2%  growth  in  1995, 
but  3%  Is  unconstrained  and  Is  substantially  higher. 

The  results  In  Table  17  also  Incorporate  the  Northwest  Power  Planning 
Council's  expected  Impact  on  the  mix  of  new  electric  generation  and  ^ 
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Table  17 


Montana  Coal  Production 
Forecast  (mil  Hon  tons  per  year) 


Year: 


1990 


1995 


2000 


Electric 
Growth  Rate: 

1% 

2% 

3% 

1% 

2% 

3% 

1% 

2% 

3% 

A.  Wyoming  FOB  Price 
Montana  P6b     {$/ton) 

$6 

10.50 

36.4 

38.4 

41.3 

38.0 

44.2 

53.0 

44.1 

51.0 

59.9 

9 .50       BASE 

38.1 

41.5 

42.9 

41.9 

46.2 

64.6 

48.3 

62.9 

85.2 

8.50 

38.9 

42.5 

44.2 

42.8 

47.2 

72.2 

48.3 

68.0 

96.8 

7.50 

42.7 

44.7 

44.7 

45.4 

47.2 

72.2 

48.3 

68.0 

100.1 

6.50 

42.7 

44.9 

45.9 

45.6 

49.1 

76.9 

48.7 

72.2 

118.1 

B.     Wyoming  1 
l^ntana  FOB" 

FOB  Price  $7.70 

10.50 

37.9 

40.8 

42.0 

41.3 

45.3 

64.6 

48.3 

62.9 

81.2 

9.50       BASE 

38.6 

41.8 

43.3 

42.5 

46.3 

64.6 

48.3 

62.9 

85.4 

8.50 

38.9 

42.5 

44.2 

42.8 

47.2 

73.0 

48.4 

68.7 

98.4 

7.50 

42.7 

45.6 

46.0 

46.0 

50.2 

80.8 

49.8 

75.8 

125.0 

6.50 

42.7 

45.8 

47.4 

46.6 

54.4 

94.7 

50.8 

89.8 

140.8 
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conservation  resources  In  the  northwest.  For  example,  our  model  predicts  a  need  ^ 
for  4900  average  mw  of  new  resources  1n  the  NW  at  2%   electric  growth  and  In  the 
year  2000.  If  this  was  to  be  met  with  new  coal-fired  capacity,  this  would  Imply 
an  additional  26  mtpy  of  coal  demand.  However,  the  Power  Planning  Council  Is 
expecting  to  meet  this  Incremental  load  (If  It  occurs)  with  about  4000  average 
mw  of  conservation  plus  about  900  mw  combustion  turbines  and  cogeneratlon.  Only 
for  the  Council's  highest  growth  case  (2.9%)  Is  there  any  new  coal -fired 
capacity  in  the  NW  even  by  the  year  2000.  The  Council's  estimate  Is  for 
approximately  1900  mw  or  10  mtpy  of  new  coal  demand  In  the  high  growth  case. 
This  contrasts  with  the  approximate  48  mtpy  our  model  would  assign  at  3%  growth 
In  the  absence  of  this  Information.  Given  that  we  have  not  been  able  to 
quantify  the  effects  of  major  state  or  regional  level  conservation  efforts  In 
the  remainder  of  the  Montana  market  area,  the  estimates  In  Table  17  should  be 
taken  as  an  upper  limit.  ^ 

It  Is  also  worth  noting  here  that  both  the  Power  Planning  Council  and  BPA 
are  projecting  NW  regional  growth  at  around  1.6X  to  2000.  The  Council's  high 
case  of  2.9%  growth  Is  a  very  high  "high"  based  on  extreme  demographic  and 
economic  assumptions.  The  Council  expects  that  there  Is  only  a  22%  chance  of 
growth  In  excess  of  2J%,  but  a  33%  chance  that  It  could  range  from  1.7%  to  .8%. 
By  contrast,  the  NERC  projection  for  the  NWPP  (which  also  Includes  Utah)  for 
1983-1993  Is  for  2.5%.  This  supports  the  Interpretation  of  the  NERC  projections 
as  a  reasonable  upper  limit.  The  U.S.  Government's  Energy  Information 
Administration  Is  forecasting  4.1%  for  1984-1995  for  the  NW  and  Alaska.  This 
seems  quite  unrealistic.  In  short.  It  appears  that  carefully  developed  regional 
forecasts  comparable  to  those  for  the  PNW  are  not  available  for   other  regions. 
In  Interpretations  of  Table  17,  2%  growth  may  well  be  a  reasonable  hase  case.  M 
At  2%  growth  and  for  a  base  case  Montana  FOB  price  of  9.50,  a  Hkely  production 
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forecast  for  Montana  1s  42  mtpy  in  1990,  46  1n  1995  and  63  in  2000.  Coal 
production  levels  are  quite  sensitive  to  the  annual  rate  of  growth  in  electric 
sales.  For  example,  the  year  2000  base  case  forecast  Is  48  mtpy  at  1%   electric 
sales  growth  but  almost  double  or  85  mtpy  at  3%.  The  1984-2000  average  annual 
growth  rate  for  base  case  coal  production  corresponding  to  1%,  Z%,   and  3% 
compound  growth  in  the  electric  sector  are  2.5%,  4.3%  and  fi.2%  respectively. 

The  various  base  case  projections  are  summarized  in  Figure  11  along  with 
historical  production  and  the  short  term  forecast.  The  1990  forecast  range  of 
38.6  mtpy  to  43.3  mtpy  is  consistent  with  the  mine  survey-based  forecast 
developed  by  the  Montana  Governor's  office  of  41.6  mtpy  in  1988.  The  latter 
shows  the  expected  growth  over  1984  production  due  to  Col  strip  3  and  4  and  Belle 
River  #2  plus  movement  toward  contract  maximums  as  capacity  factors  improve  on 
existing  units.  It  should  be  noted  that  even  with  no  changes  in  contracts,  there 
can  be  considerable  swings  In  production  levels  within  contract  minimums  and 
maximums.  For  example.  Col  strip  3  and  4  operated  at  40%  capacity  require  about  3 
mtpy  and  at  80%,  6  mtpy.  These  in  fact  correspond  to  the  contract  minimum  and 
maximum  on  these  units.  The  production  swing  within  existing  contracts  just  for 
Montana  Power  Company  plants  is  about  4.7  mtpy  and  Including  other  Western  Energy 
contracts  is  at  least  8.4  mtpy.  In  short,  the  range  forecast  for   1990  as  a 
function  of  electrical  growth  rates  (which  impact  capacity  factors)  is  quite 
plausible  and  consistent  with  the  short  term  forecast. 

A  final  comment  on  the  base  forecast  is  that  it  assumes  all  existing 
contracts  will  be  renewed  as  they  expire  to  2000.  The  major  contracts  that 
are  due  to  expire  in  the  mid-90's  are  all  in  Minnesota  and  Wisconsin.  These 
states  are  in  the  market  area  for  the  Base  Case  of  $9.50  and  it  would  appear 
very  likely  that  these  contracts  would  be  renewed.*  In  1997,  1998,  and  1999 
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some  Decker  contracts  with  Commonwealth  Edison  In  Illinois  and  Detroit  Edison  In 
Michigan  expire.  The  potential  for  renewal  of  these  contracts  has  not  been 
closely  Investigated.  Given  the  uncertainties  of  Decker  prices,  the  special 
market  (high  BTU,  low  sulfur,  older  plants)  Involved,  and  the  relative  distance 
of  the  event  In  time,  we  have  assumed  that  these  contracts  will  be  renewed  for 
the  year  2000  forecast. 
E.  Incremental  Coal  Production  Forecast 

The  incremental  or  new  coal  production  In  Montana  that  could  be  expected 
for  each  of  the  ten  spatial  market  cases  Is  summarized  In  Table  18.  This  Is 
derived  from  Table  17  by  subtracting  expected  1984  production  of  32.3  mtpy. 
The  discontinuities  In  Table  18  are  again  partly  related  to  real  constraints 
Imposed  by  utility  planned  coal  additions.  Also,  while  it  is  clear  from 
Tables  15  and  16  that  the  market  expands  for  every  price  reduction,  in  some 
cases  the  state  or  portion  of  a  state  added  will  not  be  needing  new  coal-fired 
capacity  at  the  growth  rate  and  year  indicated.  For  example,  there  1s  7466  mw 
of  nuclear  capacity  that  is  coming  on  line  in  Illinois  in  the  next  few  years. 
Because  of  this  legacy  from  days  of  expected  higher  electric  growth,  there  is 
no  need  for  new  coal-fired  capacity  in  Illinois  even  at  3%  to  the  year  2000. 
Similarly,  there  will  be  no  new  coal-fired  capacity  In  Michigan  unless  growth 
exceeds  2%. 

The  effect  of  a  $l/ton  price  reduction  at  initial  prices  of  10.50,  9.50, 
8.50,  and  7.50  are  summarized  in  Table  19  (again  derived  from  Table  17). 
Again,  the  discontinuities  here  are  due  to  the  real  constraints  on  new  coal 
capacity  expansion  plus  utility-specific  planning  for  substitute  resources: 
nuclear,  oil  and  gas,  hydro,  and  conservation.  Given  those  discontinuities 
and  the  uncertainties  about  base  prices,  a  better  picture  of  the  effect  of  a 
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Table  18 


Incremental  Coal  Production 

Forecast  for  Montana  over 

1984  Base  (million  tons  per  year) 


Year: 


1990 


1995 


2000 


Electric 
Growth  Rate: 

1% 

2% 

3% 

1% 

2% 

3% 

1% 

2% 

3% 

A.  Wyoming  FOB  Price 
flontSna  FOB    ($/ton) 

$6 

10.50 

4.1 

6.1 

9.0 

5.7 

11.9 

20.7 

12.0 

18.7 

27.6 

9.50       BASE 

5.8 

9.2 

10.6 

9.6 

13.9 

32.3 

16.0 

30.6 

52.9 

8.50 

6.6 

10.2 

11.9 

10.5 

14.9 

39.9 

16.0 

35.7 

64.5         ^ 

7.50 

10.4 

12.4 

12.4 

13.1 

14.9 

39.9 

16.0 

35.7 

67.8 

6.50 

10.4 

12.6 

13.6 

13.3 

16.8 

44.6 

16.4 

39.9 

85.8 

B.     Wyoming  1 
Wontana  FOB  " 

FOB  Price  $7.70 

10.50 

5.6 

8.5 

9.7 

9.0 

13.0 

32.3 

16.0 

30.6 

48.9 

9.50      BASE 

6.3 

9.5 

11.0 

10.2 

14.3 

32.3 

16.0 

30.6 

53.1 

8.50 

6.6 

10/2 

11.9 

10.5 

14.9 

40.7 

16.1 

36.4 

66.1 

7.50 

10.4 

13.3 

13.7 

13.7 

17.9 

48.5 

17.5 

43.5 

92.7 

6.50 

10.4 

13.5 

15.1 

14.3 

22.1 

62.4 

18.5 

57.5 

108.5 
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Table  19 


Effect  of  a  $l/ton  Reduction 

on  Montana  Coal  Production 

(mm  ion  tons  per  year) 


Year: 


Electric 
Growth  Rate: 


n 


1990 


2% 


3% 


1% 


1995 


2%        3% 


1% 


2000 


2% 


3% 


A.  Wyoming  FOB  Price  $6 
Initial  Montana  FOB 


10.50 

1.7 

3.1 

1.6 

3.9 

2.0 

11.6 

9.50 

.8 

1.0 

1.3 

.9 

1.0. 

7.6 

8.50 

3.8 

2.2 

.5 

2.6 

0.0 

0.0 

7.50 

0.0 

0.0 

1.2 

.2 

1.9 

4.7 

4.0  11.9  25.3 

0.0  5.1  11.6 

0.0  0.0  3.3 

0.0  4.2  18.0 


B^    Wyoming  FOB  Price  $7.70 

Initial  Montana  FOB 

10.50                       .7        1.0  1.3 

9.50                        .3           .7  .9 

8.50                     3.8        3.1  1.8 

7.50                     0.0           .2  1.4 


1.2  1.3  0.0 

.3  .6  8.4 

3.2  3.0  7.8 

.6  4.2  13.9 


0.0  0.0  4.2 

.1  5.8  13.0 

1.4  7.1  26.6 

1.0  14.0  15.8 
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$1  reduction  may  be  obtained  by  averaging  the  S9J50  and  $10J50  Montana  FOB 
prices  and  the  $6^0  and  $7.70  Wyoming  FOB  cases.     The  results  are  summarized 
In  Table  20. 

The  effect  of  a  $1  price  reduction  In  1990  and  1995  Is  to  Increase 
projected  produtlon  by  about  1  mtpy  at  all  electric  growth  rates  except  3*  In 
1995  where  It  Is  7  mtpy.     In  2000,  a  $1  reduction  Increases  production  by  1,  6, 
and  14  mtpy  for  1%,   Z%  and  3%  growth  respectively  (Table  20).     The  long-run 
elasticity  of  demand  In  the  year  2000  corresponding  to  the  three  growth  rates 
are  -2,  -3,  and  -1.6.     These  are  within  the  range  one  would  expect  given 
general   findings  on  the  price-elasticity  of  demand  for  energy. 
F.     Comparison  to  Other  Studies 

We  are  aware  of  two  other  recent  long-run  estimates  of  the  market  for 
Montana  coal.    One  Is  a  study  by  Victor  Wood  entitled  Montana  Coal  Market 
Study.     An  18  page  draft  dated  July  3,  1984,  was  made  available  to  us  through 
the  Montana  International  Trade  Commission.     Wood  does  not  provide  much 
discussion  of  his  method,  but  his  key  Input  assumptions:     Montana  base  price 
of  $9.75  for  8600  BTU  coal  and  $13  for  9600,   Wyoming  at  $7.50  and  8300  BTIJ, 
and  rail  at  2.0^  to  2.2^  In  per  ton-mile  for  western  movements  are  similar 
to  ours.     He  provides  a  coal  production  estimate  based  on  the  NERC  overall 
utility  load  growth  of  2.3%  annually. 

His  spatial  market  estimate  Is  also  similar  to  ours  except  that  he 
expects  the  Montana  coal  market  would  penetrate  well   Into  Missouri,  Oklahoma, 
and  Arkansas  even  for  a  $2  reduction.     He  Is  In  apparent  agreement  that  for 
the  base  case  Minneapolis  and  most  of  Minnesota  and  Wisconsin  are  well  within 
the  market.     He  does  not,   however,  expect  any  sensitivity  of  his  market 
boundary  In  the  NW  (roughly,    the  Oregon-Washington  border  plus  northern  Idaho) 
to  price  reductions. 
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Table  20 


SUMMARY 


Base  Case  Montana  Coal  Production  Forecast 
(mi  11 -ton  tons  per  year) 


Year:  1990  1995  2000 


Electric 

Growth  Rate:    1%  Z%  3%  1%  2%        3%  1%  2%  3% 


Total 

Production     38    42    43     42    46    65      48    63    85 


New 

Production      6     9    11     10    14    32      16    31    53 

^Increase  for 

$l/ton  Price 

Reduction       .9    1.5    1.3    1.6    1.2    6.9    1.0    5.7  13.5 


Note:  ^Increase  is  based  on  average  of  9.50  and  10.50  Montana  FOB  and  6.00, 
7.70  Wyoming  FOB  cases. 
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Wood's  forecast  at  2^  electric  growth  Is  compared  to  our  most  similar 
($9^0  Montana  and  $7.70  Wyoming  base)  case  at  2%  and  3%  In  Table  21.  His     ^   * 
forecast  for  1990  at  2.3%  1s  3  to  4  mtpy  new  coal  production,  which  Is  below 
both  our  2%  and  3%   forecast  by  7  to  11  mtpy.  In  1995  his  estimates  are 
conslstantly  bracketed  by  ours  and  we  appear  to  be  In  substantial  agreement. 
However,  In  2000  his  numbers  look  high,  with  his  23%  estimates  very  similar 
to  ours  for  3%  growth.  Wood's  estimate  of  the  production  response  to  a  $l/ton 
reduction  Is  zero  In  1990,  +1  In  1995,  and  +7  mtpy  In  2000.  This  Is  similar 
to  our  1.5,  1.2,  and  5.7  mtpy  Increases  for  1990,  1995,  and  2000  at  2% 
electric  growth. 

Without  more  Information  on  Wood's  method  It  Is  difficult  to  explain  the 
differences.  Perhaps  the  main  point  here  Is  that  the  results  are  fairly 
similar.  Both  studies  show  substantial  growth  In  Montana  coal  production  even 
without  price  reductions.  (Wood's  forecast  Implies  5.8%  annual  growth  1984  to   (  | 
2000).  Both  studies  also  show  similar  response  to  price  reductions. 

By  contrast  the  only  other  long-run  estimate  we  have  seen  was  presented 
by  Martin  White  of  Western  Energy  in  a  recent  Interview  reported  In  the 
Billings  Tribune.  White  predicted  a  steady  decline  In  coal  sales  from  a  peak 
of  333   mtpy  In  1986  to  20.9  In  1995  at  current  price  (and  coal  severance  tax) 
levels.  This  forecast  Is  apparently  predicated  on  the  loss  of  all  existing 
contracts  as  they  come  up  for  renewal.  In  addition.  It  appears  to  preclude 
any  new  production  related  to  plants  coming  on  line  between  1984  and  1995, 
Including  Colstrip  4  and  Belle  River  #2.  Based  on  the  present  analysis  and 
the  study  by  Victor  Wood,  there  appears  to  be  Uttle  basis  for  White's 
projection. 
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Table  21 


Comparison  of  Incremental  Coal 

Production  Forecasts  for 

Montana  (million  tons  per  year) 


Year:  1990  1995  2000 


Electric 

Growth  Rate:   2%    2.3%   3%  2%        2.3%  3%  2%        2.3%   3% 

(Wood)  (Wood)  (Wood) 


Base 

Condition    10     3     11     14    21    32      31    50     53 


$l/ton 

Reduction    10     3     12     15    22    41      36   57     66 


$2/ton 

Reduction    13     4     14     18   32    49      44   88     93 


$3/ton 

Reduction    14     4     15     22    39    62      58   108    109 


Source:  Forecast  at  2.3%  Is  Victor  Wood's  Montana  Coal  Market  Study  (July 
1984).  Assumes  Base  Montana  price  of  9.75  and  8600  BTU  and  Wyoming 
of  7.50  and  8300  BTU. 


Comparison  Is  to  the  present  study  with  a  base  of  $9.50  Montana  (3700  BTU)  and 
7.70  Wyoming  (8450  BTU). 
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Chapter  IV.     Add  Rain  and  Montana  Coal  Demand 
A.-    Market  Size 

Another  potential  market  for  Montana  coal   Is  the  set  of  older  plants, 
mainly  In  the  midwestern  states,  that  currently  burn  high  sulfur  fuels. 
Because  of  the  Increased  scientific  evidence  that  links  coal-fired  generating 
plant  emissions  of  SO2  with  add  precipitation  Impacts,  a  number  of  bills  were 
proposed  In  the  last  congress  to  reduce  SO2  emissions  by  8  to  1?  mtpy.    The 
bills  are  of  two  major  types.     The  Sikorsky/Waxman  Bill  (HR3400)   for  example, 
would  require  scrubbers  on  the  "top  50"  emitters  and  leave  a  potential  of  30 
to  50  mtpy  of  high  sulfur  coal   use  that  could  be  switched  to  low  sulfur.     The 
other  type  of  bill,  typified  by  S2001,  the  Durenburger  Bill,  would  have  no 
explicit  technology  forcing  provisions.     Utilities  would  be  free  to  choose  the 
lease  cost  mix  of  scrubbing  and  switching  on  their  system.    The  latter,  of 
course,  could  be  constrained  by  state-level   regulations  that  would  protect  the 
local   high  sulfur  coal   Industry  to  varying  degrees.     At  10  mtpy  SO2  reduction, 
there  Is  a  total  of  220  mtpy  that  could  be  scrubbed  or  switched. 

At  present  there  Is  a  great  deal  of  uncertainty  over  the  target  level  of 
reduction  and  the  means  of  achieving  that  reduction.     It  Is  probable  that  no 
add  rain  bill   will  pass  in  the  current  congress. 

A  maximum  potential  add  rain  market  for  the  NGP  Is  estimated  In  Table  2?, 
based  on  tonnages  delivered  In  1983  to  plants  facing  sulfur  emission  regulations 
more  lenient  than  3.0  lbs.  SO2/MMBTU.     As  Is  evident,    the  bulk  of  the  "add  rain" 
plants  are  In  states  on  the  fringe  of,  or  outside  our  historical  market 
Identified  In  Chapter  2,   such  as  Ohio,   Illinois,   and  Indiana.     In  the  states 
where  Montana  coal  specifically  may  have  a  clear  competitive  edge  such  as  Montana 
and  Minnesota,   there  are  either  no  older  plants  or  they  are  already  burning  low 
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Table  22 


Maximum  Potential  Acid  Rain  Capacity  In 
Coal  Market  Area 


State 

Mil.  Tons 

1983 

MT     WY 

Deliveries 

Maximum 
Potential 

Minnesota 

4.6 

4.4  MT 

.170 

Wisconsin 

6.7 

.5  MT 

6.28 

Missouri 

16.3 

— 

16.3 

Illinois* 

16.0 

~ 

16.0 

Indiana* 

26.7 

- 

26.7 

Ohio* 

37.7 

— 

37.7 

Kansas 

4.1 

2.7 

1.5 

Michigan 

10.8 

.8 

10.0 

Iowa 

5.3 

3.2 

2.2 

Total 


128.2 


11.6 


116.6 


*Market  Fringe 
Residual 


79.4 
48.8 


79.4 
37,2 


Total   tonnage  by  state  with  jpl ants  facing  sulfur  regulations  equal  to  or  more 
lenient  than  3.0  lbs.  S02/10°  BTU. 


Source:     Derived  1983  Cost  and  Quality,  DOE. 
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sulfur  coal.  For  example  In  Minnesota,  Wisconsin,  and  Michigan  there  is  a 
total  potential  of  only  16.5  mtpy.  The  traditional  Wyoming  market  also  has 
few  high  sulfur  plants,  with  the  exception  of  Missouri  (16 J  mtpy),  because 
the  south-central  states  have  historically  used  gas  and  oil. 

While  the  potential  "acid  rain"  market  for  the  NGP  may  be  anywhere  from 
37  to  117  mtpy,  the  actual  share  will  depend  critically  on  the  type  of 
legislation  (scrub  or  switch)  and  on  the  unit-specific  economics.  Many  o^  the 
older  plants  designed  for  bituminous  coals  may  not  be  able  to  burn  the  low 
BTU,  high  ash  western  coals,  or  burn  them  only  at  a  large  expense.  An 
analysis  by  ICF  that  takes  Into  account  the  match  o*  unit  and  coal  source 
characteristics,  and  assumes  that  utilities  will  minimize  costs,  Is  summarized 
In  Figure  12.  By  1990,  acid  rain  legislation  would  only  add  10  mtpy  to  the 
NGP  market.  Based  on  historical  market  shares,  this  would  Imply  perhaps  2.5 
mtpy  for  Montana.  It  Is  Important  to  note  that  ICF  assumed  the  Durenburger 
type  of  bill  that  did  not  mandate  scrubbing.  In  short,  even  under  the  most 
optimistic  scenario  (there  Is  an  acid  rain  bill  and  It  allows  utilities  to 
scrub  or  switch),  the  Montana  market  for  acid  rain  plants  Is  anywhere  from  0 
to  3  mtpy. 

The  conclusion  here  Is  that  acid  rain  plants  are   not  Hkely  to  add 
significantly  to  the  Montana  market. 
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B.  Acid  Rain  Legislation 

Although  the  new  Congress  has  only  been  In  session  a  ^ew  weeks, 
representatives,  staff  and  observers  all  agree  that  It  Is  very  unlikely  new 
acid  rain  legislation  will  pass  this  session.  This  assessment,  together  with 
the  Administration's  reluctance  to  propose  or  back  one  of  the  many  SO2 
reduction  plans  Introduced  last  session,  essentially  assures  that  the  status 
quo  will  pertain  for  at  least  two  more  years. 

In  addition,  the  Administration's  position  Is  that  further  studies  are 
necessary  before  an  adequate  bill  can  be  drafted.  At  the  same  time,  funding 
for  such  studies  will  be  restricted,  or  non-existent,  given  the  tight  budget 
situation.  In  the  next  few  years,  then,  It  Is  unlikely  that  federal 
legislation  will  change  the  current  supply  relations  dramatically.  Utilities 
will  be  guided  by  current  rules  and  laws  In  assessing  the  mix  of  coals, 
scrubbing  and  emissions  that  provide  compliance  and  the  lowest  cost  ♦'or  a 
particular  electrical  generating  boiler. 

It  Is  also  constructive  to  look  ahead,  at  least  a  short  time,  and  assess 
the  likely  Introduction  of  new  acid  rain  legislation.  The  passage  of  national 
environmental  legislation,  any  legislation,  requires  building  a  momentu^n  ^or 
passage  over  two  or  more  legislative  sessions.  That  momentum  will  be  broken 
In  the  current  session  to  the  point  that  some  observers  and  staff  suggest  that 
leading  House  supporters  of  specific  legislative  Initiatives  may  not  even  ask 
for  committee  hearings.  In  addition,  few  pieces  0^  legislation  can  finally 
become  law  without  Presidential  signature,  and  active  Presidential  support 
wni  be  needed  to  successfully  negotiate  the  Congress.  Acid  rain  is  a 
bipartisan  issue,  but  few  Senators,  perhaps,  would  want  to  challange 
Presidential  leadership  on  this  issue,  knowing  a  veto  lies  at  the  end  of  the 
legislative  road. 
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Given  the  current  mood  of  the  National  Congress,  the  pull-back  of 
legislative  leaders  who  championed  acid  rain  reduction  in  the  last  Congress, 
and  the  Presidential  (E.P.A.)  assessment  of  new  study  requirements,  it  appears 
unlikely  that  acid  rain  reduction  will  be  mandated  by  the  Congress  in  this 
decade.  New  contract  potential  for  Montana  and  Wyoming  based  upon  some  form 
of  SO2  reduction  does  not  seem  likely  before  the  1990' s  at  the  earliest.  Even 
then,  given  the  uncertainty  about  the  form,  requirements  and  timing  of  any  new 
legislation,  the  level  of  impact  on  Montana  and  Wyoming  is  uncertain.  In  any 
case,  whatever  may  develop  in  the  1990's  to  enhance  air  pollution  control  and 
increase  Northern  Great  Plains  coal  production  is  certain  to  benefit  Wyoming 
more  than  Montana  because  of  the  geographic  relation  to  the  new  markets. 
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Chapter  V.  Severance  Tax  Analysis 

( 
This  chapter  provides  an  analysis  of  the  Impact  of  changes  in  the  Montana 

coal  severance  tax  on  the  three  market  categories  previously  identified: 

existing  contracts,  new  plants,  and  acid  rain  plants. 

A.  Magnitude  of  the  Severance  Tax 

The  Montana  and  Wyoming  coal  and  severance  tax  and  other  state  and  local 
taxes  are  compared  in  Table  23.  On  an  overall  basis  Montana's  total  taxes  are 
25%  of  selling  price  versus  17%  for  Wyoming.  The  severance  taxps  alone  are 
21%  and  11%.  On  Western  Energy  coal  in  1983,  for  example,  the  Montana  coal 
severance  tax  was  2.30  $/ton  or  about  13^/MMBTU.  A  change  of  50%  in  the  tax 
would  amount  to  $1.15  and  6  1/2^/MMBTU  or  about  the  difference  in  the 
Montana  and  Wyoming  taxes.  The  table  does  not  reflect  the  new  royalty 
deduction  which  is  being  phased  in  and  will  reduce  the  Montana  effective  rate 
to  about  18%  in  5  years.  ( 

In  relation  to  typical  delivered  prices,  for  example  in  the  Minnesota 
market  (recall  Figure  2),  of  $25  to  $30/ton  even  a  50%  reduction  in  the  tax  is 
only  4  1/2%  of  delivered  prices.  In  short,  on  a  priori  grounds  one  would  not 
expect  very  significant  changes  in  the  Montana  market  due  to  even  very  large 
changes  in  the  tax.  Recalling  the  dominant  effect  of  location  discussed  in 
Chapter  2,  a  50%  tax  reduction  would  alter  locational  advantage  by  only  about 
67  miles  for  8700  BTU  Montana  coal. 

B.  Impact  on  the  Market 

Theoretical  Model 

The  theoretical  impact  of  a  tax  reduction  on  production  and  tax  revenue  is 
outlined  in  Figure  13.  The  model  assumes  that  the  tax  is  completely  forward 
shifted  (perfectly  elastic  supply)  so  that  tax  cuts  are   reflected  exactly  in 
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Table  23 


Montana  and  Wyowjng  Taxes  as  a^ 
Percent  of  Selling  Price 


Severance  Tax 

21.34 

Property  Tax 

3.40 

Sales  Tax 

M/A 

State  Income  Tax 

.46 

Wyoming 

10.50 
5.92 
0.24 
N/A 


State  and  Local  Sub 


25.20 


16.66 


Source:  The  Competitive  Position  of  Colorado  Coal;  A  Comparative  Analysis  of 
Toal  Taxation  in"~Six  Western  States  and  Texas  Gennifer  Sussman  et  U 
April  1984.     ("Colorado  Energy  Research  Inst.) 
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Figure  13 


Effect  of  a  Tax  Decrease 
on  Production  and  Revenue 


Price  (8/ton) 


Current     r"00 
Severance-^ 
Tax       Iqjq 


50%   tax 
cut  to 
9.85 


lost  tax  revenue  on  existing 
production 


increased  revenue 
on  new  production 


(  ' 


Demand 
Curve 


32    X 

A  +  B»  current  revenue. 
A  "lost  revenue  under  tax  reduction. 
C* revenue  on  new  production. 
C-A»net  change  in  tax  revenue 

Issue:  X  ^new  production  level  (elasticity  of  demand) 
*  Average  price  of  8700  BTU  producers,  for  example. 


Quantity 
(m+py) 


(  f 
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In  price  changes.  (This  may  result  in  an  overestimate  of  the  price  change 
depending  on  tax  incidence.)  A  given  tax  cut  can  then  be  ejcpected  to  reduce 
price  and  increase  production.  Schematically  the  area  "A"  is  lost  tax  revenue 
"C"  is  tax  gained  on  increased  production.  As  illustrated,  losses  far  outweigh 
gains.  In  fact  the  magnitude  of  "A"  vs.  "C"  depends  on  the  response  of 
increased  quantity  demanded  to  a  given  price  change.  The  unknown  new  production 
level  is  indicated  by  "X"  and  will  in  general  depend  on  the  "elasticity  of 
demand."  The  latter  is  simply  the  percent  change  in  quantity  demanded  for  a 
percent  change  in  price.  In  Figure  14  a  much  more  elastic  demand  curve  is 
illustrated  with  a  much  larger  new  "X"  (here  Q^).  Even  here  losses  continue  to 
dominate  gains.  In  fact,  an  exact  "break  even"  elasticity  for  a  tax  cut  to 
result  in  no  change  in  tax  revenues  can  be  calculated  (Figure  15).  The  basic 
finding  is  that  demand  would  have  to  be  extremely  responsive  to  price  changes 
(an  elasticity  of  around  -5.0)  in  order  for  tax  revenue  to  be  stable.  In  fact, 
it  is  highly  unlikely  that  the  long  run  elasticity  of  demand  for  Montana  coal  is 
much  over  -1.0,  as  noted  in  Chapter  III. 

Timing  Issues 

To  analyze  the  impact  of  a  given  tax  change,  it  is  necessary  to  identify  the 
lag  between  coal  sourcing  decisions  and  on-line  dates  for  new  coal-fired  units. 
Decisions  on  plants  coming  on  line  5  to  10  years  from  now  are  based  on  current 
and  projected  economics.  In  short  the  impact  of  a  tax  change  is  delayed,  or, 
conversely,  to  affect  plant  decisions  in  the  future,  one  has  to  change  taxes  in 
the  near  term. 

A  summary  estimate  of  the  timing  is  provided  in  Figure  Ifi.  Based  on  the 
Boiler  order  date  vs.  on-line  date  information  provided  earlier,  utilities 
must  be  making  decisions  relating  to  coal  rank  (i.e.  lignites  vs. 
subbituminous  vs.  bituminous)  at  least  8  to  10  years  in  advance.  On  the  other 
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Figure  14 


Tax  Decrease  with 
Highly  Elastic  Demand 


Current 
Tax 


f: 


-^-.^^^ 

A 

B 

C 

C 

\ 

C 

\ 

(t 


Here  net  loss  to  a  tax  reduction  (C-A)  Is  reduced  by  large 
production  response  too  small  price  change  (highly  elastic 
demand). 

Analytical:    need  an  elasticity  of  about  -4.6  to  "breakeven** 


(» 
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Figure  15 


Tax  Revenue/Elasticity  of 
Demand  Relationship 


Independent  Relationships: 
1.  Total  Tax 

T  =  tg(P-K2)Q     or 

=  (t^/l  +  t^)  {P-K2)Q 


2.  Tax  Formulas 


P  =   "^1     +  K^ 


(T^) 


{■.■M) 


where:  K,  =  Contract 

Sales  Price 


Kp  =  fixed 

deductions 


(black  lung,  etc. ) 
P  =  FOB 


t  =  effective 
tax  rate 


t  =  severance 
tax  rate 


3.  Empirical  Demand 


dP   Q  '   «• 


then: 


dT  ,  ,  Kj,  dQ 

-    =QP(1  +  Z[1  -  |E^|])  -K^Qd^^^) 


e 

where: 
Z  = 


^l^e 


(1  -  tJ(Ki  +  K,[l  -  tg]) 


"e'^'^l       '^2' 


solve  for  |E.  when 


and   Kj,  Kp,  t  ,  Q  (given  exogenous) 


for  tp  =  .23;  K^  =  7.79;  K^  =  .85;  P  =  11.00       "breakeven"  E^  =  -4.69 
Discrete  approximate  for  ^t  =  .01 


"breakeven"  E.  =  -5.06 
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Figure  16 

Severance  Tax  Issue: 
Timing 


Market  Sector 

Impacted  Timing  re-market 

1.  Existing  /^l  year 

2.  New  Plants  3-5  year--source 

8-10  year--rank 


3.  Acid  Rain  '^1  year 


(^ 
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hand,  within  coal  ranks,  specific  coal  source  decisions  may  be  3-5  years  lead. 
For  example,  the  NSP  Sherco  #3  unit  bids  were  taken  in  November  1984  for  a  late 

1987  start,  or  three  years  lead.  (In  fact  the  decision  is  only  a  2.5  year  lead.) 
It  is  presumed  that  existing  contract  renewals  would  be  essentially  based  on  the 
market  price  near  the  time  of  contract  renewal,  or  one  year. 

Near  Term  Impacts 

Given  the  timing  assumed  in  Figure  16,  a  decision  to  change  the  severance 
tax  in  this  legislature  (1985)  would  potentially  impact  contract  renewals 
through  1986,  new  plant  coal  source  decisions  for  plants  coming  on  line  from 

1988  to  1990  and  new  plant  coal  rank  decisions  for  plants  coming  on  in  1993 
and  1995.  Based  on  the  historical  analysis  in  Chapter  2,  it  seems  unlikely 
that  a  change  in  delivered  price  on  the  order  of  7)f/MMBTU  will  significantly 
alter  the  subbituminous-bituminous-l ignite  market  shares.  Assuming  then  that 
the  dominant  effect  of  a  tax  change  will  be  vis-a-vis  Wyoming  coals,  the 
Impacts,  If  any,  will  be  on  plants  coming  on  line  before  1988  to  1990.  The 
qualification  "if  any"  here  is  important.  In  the  following  a  "naive  model"  is 
assumed,  that  Wyoming  will  not  strategically  respond  to  Montana  tax  cuts. 
Since  the  latter  is  a  possibility,  the  results  below  are  likely,  if  anything, 
to  be  overestimates  of  the  gains  to  tax  cuts. 

Given  the  timing  and  magnitude  of  the  tax  cut,  we  know  the  relevant  markets 
that  could  be  affected.  If  the  Impact  at  most  would  be  restricted  to  new  plants 
on  line  to  1990,  in  the  Montana  market  area  the  Impact  is  on  one  plant— the 
Sherco  #3  unit.  Based  on  the  discussion  above,  it  appears  that  Montana  already 
has  a  competitive  edge  at  this  plant.  Expanding  the  time  frame  to  include  1993 
may  only  pick  up  one  other  plant  in  Wisconsin  or  about  1  1/2  mtpy.  In  short, 
based  on  the  near  term  analysis  of  the  potential  new  plant  market,  to  1993  a 
severance  tax  cut  of  50%  would  possibly  impact  decisions  on  about  3  1/2  mtpy  of 
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nen   plant  capacity.  This  would  add  at  most  about  3.S  mtpy  to  the  41  mtpy 
forecast  for  1988,  or  about  plus  8%  in   coal  production  for  a  price  change  of 
about  10%.  This  implies  inelastic  demand  (around  -0J5)  to  1993  and  would 
clearly  result  in  very  large  decreases  in  tax  revenue. 
C.  Decision  Criteria 

At  this  point  it  is  useful  to  raise  the  issue  of  an  appropriate  basis  for 
estimating  the  impacts  of  severance  tax  changes.  It  appears  that  the  state 
faces  a  problem  of  evaluating  multiple  goals.  At  a  minimum  a  decision 
criteria  should  weigh  both  tax  revenue  changes  and  changes  in  coal  production 
levels  (or  coal  revenues,  producer  profit,  employment,  etc.).  For  example,  a 
hypothetical  decision  criteria  could  be  specified  as  follows: 

SOCIAL  WELFARE  -  W^  (TAX  REVENUE)  +  Wg  (COAL  PRODUCTION) 
where  Wj  and  W2  are  weighting  terms.  What  this  equation  suggests  is  that  in 
some  sense  "social  welfare"  or  "the  public  good"  effect  of  a  change  in  the 
severance  tax  is  a  weighted  average  of  tax  revenue  changes  and  coal  production 
with  the  weights  essentially  reflecting  distributive  assumptions  on  how  we  as 
a  state  evaluate  a  $1  of  tax  revenue  accruing  to  the  state  as  a  whole  compared 
to  a  $1  of  coal  production  profits  (Jobs,  revenue,  or  etc.)  accruing  to  coal 
producers  and  other  impacted  sectors. 

It  is  beyond  the  scope  of  this  analysis  to  identify  an  appropriate  index 
for  coal  production  or  to  propose  the  appropriate  weights.  However,  it  is 
possible  to  at  least  quantify  the  tax  revenue  ($)  versus  coal  production 
(mtpy)  tradeoff  for  use  by  decision  makers.  For  the  near  term  case  above,  it 
appears  that  the  net  effect  of  a  50%  tax  cut  would  be  mainly  in  the  new  plant 
market  to  1993.  Existing  contracts  do  not  begin  to  expire  until  1993,  even 
assuming  the  tax  would  have  an  impact.  Acid  rain  should  probably  be  assigned 
a  zero  probability  by  1993  for  an  expected  value  of  zero. 
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D.  Analysis  of  Tax  Policy  Alternatives 

Several  coal  severance  tax  policy  alternatives  have  been  proposed.  One 
specific  proposal  is  a  50%  cut  in  the  severance  tax  on  all  production. 
Another  is  a  50%  cut  in  the  severance  tax,  but  to  be  applied  only  to  new 
production  (presumably  over  the  1984  base  of  around  32.3  mtpy). 

On  our  base  case  price  of  9.50  $/ton,  a  21%  effective  tax  rate  generate 
$2/ton  in  severance  tax.  Accordingly,  for  8700  BTl)  coal,  a  50%  tax  cut 
corresponds  to  our  $l/ton  price  reduction  cases.  However,  on  the  average 
Montana  coal  in  1983,  a  50%  tax  cut  would  actually  amount  to  about  a  $1.50 
(since  higher  price  Decker  and  Spring  Creek  coals  are  included). 

Table  24  provides  a  summary  of  the  effect  of  a  $l/ton,  $1.50/ton,  and 
$2/ton  severance  tax  reduction  on  a  new  production.  As  noted  previously,  there 
will  be  substantial  growth  in  new  production  even  in  the  absence  of  a  tax  cut. 
For  example,  our  forecast  at  2%  growth  in  the  year  2000  is  for  31  mtpy  of  new 
production  over  the  1984  base  case.  A  $l/ton  tax  reduction  results  then  in  a 
$31  million/year  revenue  loss  on  new  production  that  would  occur  even  without 
the  tax  cut.  The  $1  reduction  stimulates  additional  new  production  of  5.7  mtpy 
which  may  bring  in  a  tax  revenue  of  around  $11.4  million  per  year  that  would 
otherwise  not  be  realized.  (The  latter  assumes  that  new  production  was  the  same 
price  and  BTU  [Decker,  Spring  Creek,  other]  mix  as  current.  If  in  fact  new 
production  was  mainly  8700  BTU  coal,  incremental  taxes  would  approach  only 
$l/ton  for  an  increase  of  $5.7  million  per  year.)  The  net  effect  is  then  a 
$19.6  million  loss  in  year  2000  at  a  2%  growth  rate  for  coal  production. 
Estimates  for  other  years  and  growth  percentages,  and  price  reductions  are 
provided  in  Table  24.  The  $1.50  case  is  interpolated. 

Using  2%  growth  as  a  base  case,  results  for  a  cut  in  taxes  on  new 
production  for  a  50%  reduction  are  summarized  in  Table  25.  The  net  annual 
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Table  24 


Annual  Tax  Revenue  Changes 
for  Severance  Tax  Reductions 


Year 

1990 

1995 

2000 

Electric  Growth 

1% 

2% 

3% 

1% 

2% 

3% 

1% 

2% 

3% 

New  Production  (mpty) 

6.0 

9.0 

11.0 

10.0 

14.0 

32.0 

16.0 

31.0 

53.0 

Change  for  $1  Price 
Reduction  (mpty) 

.9 

1.5 

1.3 

1.6 

1.2 

6.9 

1.0 

5.7 

13.5 

Change  for  $2  Price 
Reduction  (ratpy) 

3.1 

3.2 

2.4 

3.3 

2.4 

12.9 

5.6 

10.2 

27.2 

Change  for  $1.50  Price 
Reduction  (mtpy)      2.0 

2.4 

1.9 

2.5 

1.8 

9.9 

3.3 

8.0 

20.4 

Revenue  Change  (ram  Ion 

$/year) 

A.  $1  Tax  Reduction 

Loss  on  New  Base 

6.0 

9.0 

11.0 

10.0 

14.0 

32.0 

16.n 

31.0 

53.0 

Gain  on  Change 

1.8 

3.0 

2.6 

3.2 

2.4 

13.8 

2.0 

11.4 

27.0 

Net  Loss 

4.2 

6.0 

8.4 

6.8 

11.6 

18.2 

14.0 

19.6 

26.0 

B.  $2  Tax  Reduction 

Loss  on  New  Base 

12.0 

18.0 

22.0 

20.0 

28.0 

64.0 

32.0 

62.0 

106.0 

Gain  on  Change 

3.1 

3.2 

2.4 

3.3 

2.4 

12.9 

5.6 

10.2 

27.2 

Net  Loss 

8.9 

14.8 

20.4 

16.7 

25.6 

51.1 

?.6A 

51.8 

78.8 

C.  50%  Tax  Change  (1. 

501 

Loss  on  New  Base  9.0  13.5  16.5  15.0  21.0  48.0  24.0  46.5  79.5 
Gain  on  Change  lA  hi  1:1  hi  LL  li:!  hi  Ihl  30.6 
Net  Loss  6.0   9.9  13.6   11.2  IB  .3  33.1   19.0  34.5  48.9 
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Table  25 


Summary  Tax  Pol  Icy  Analysis 


Change  in  Tax  Revenues  (million  $/year) 
and  Coal  Production  (million  $/year) 


Tax  Policy  Alternative 


1985 

Tax   Coal 


1990 


1995 


2000 


Coal 


'ax   Coal    Tix   Coal    IJH        Coal    Tax 
(10^  $)  (mtpy)  (10^$)  (mtpy)  (10^  $)  (mtpy)  (10^  $)  (mtpy) 


A.  50%  Tax  Cut  on 
New  Production; 


Loss  on  Base  Case 
New  Production: 

13.5 

21.0 

46.5 

Tax  on  Increase  in 
New  Production: 

3.6 

2.4 

2.7 

1.8 

12.0 

8.0 

Net  Effect: 

9.9 

2.4 

18.3 

1.8 

34.5 

8.0 

B.  50%  Tax  Cut  on 
All  Production: 

Loss  on  Existing 
Production:     48.5 

Net  Effect 
New  Production: 


Total 


48.5 


48.5 
9.9    2.4 
58.4    2.4 


48.5 

18.3    1.8 

66.8    1.8 


48.5 

34.5    8.0 
83.0    8.0 


V-12 


revenue  loss  Is  estimated  to  be  $9.9  million  1n  1990  and  $18 J  and  $34.5  million 
In  1995  and  2000.  The  corresponding  production  gains  are  2.4,  1.8  and  8.0  mtpy. 

The  other  basic  type  of  proposal  Is  to  reduce  taxes  on  all  production. 
For  a  50%  tax  or  $1.50  average  price  reduction  this  results  In  an  Immediate 
48.5  million/year  tax  revenue  loss  on  existing  production  plus  the  same  net 
effect  on  new  production  as  the  previous  case.  Accordingly,  the  annual 
revenue  loss  Is  $60  to  $80  million/year  after  1990  (Table  25).  Results  using 
Victor  Wood's  estimates  are  similar,  with  revenue  losses  that  are  about  $5 
mill  Ion/year  higher  In  1995  and  2000  (Table  26)  and  lower  by  the  same  amount 
In  1990. 

The  conclusion  here  Is  that  estimates  derived  from  both  Wood's  and  this 
study  are  In  substantial  agreement.  The  basic  finding  Is  that  tax  cuts  results 
in  large  revenue  losses  on  new  production  that  would  occur  In  any  case,  even 
without  tax  on  price  cuts.  The  gain  In  tax  revenue  (at  a  reducted  rate)  on 
production  stimulated  by  tax  cuts  are  small,  corresponding  to  the  small  gains 
Identified  earlier.  In  general  the  losses  for  a  tax  cut  just  on  new  production 
dominate  the  revenue  gains  by  a  ratio  of  4:1  (Table  25).  The  annual  tax  revenue 
loss  associated  with  production  gains  average  at  a  minimum  around  $4  million 
annually  per  1  mtpy  of  production  gain.  If  the  tax  reduction  Is  extended  to  all 
coal  production,  the  tax  revenue  "cost"  1s  $24.3  million  per  1  mtpy  In  1990, 
$37.1  million  in  1995  and  $10.4  million  In  2000. 

In  order  to  get  an  aggregate  estimate  of  these  annual  losses,  one  needs  to 
take  account  of  the  time  value  of  money.  When  this  is  done,  on  a  present  value 
basis  (assuming  a  3X  real  discount  rate  and  constant  1984  dollars),  the  net  cost 
of  a  50%  tax  cut  on  new  production  only  Is  around  $150  million  for  the  1990-2000 
period.  The  net  cost  of  a  50%  tax  cut  on  all  production  Is  around  $730  million 
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Table  26 


Comparative  Tax  Policy  Analysis 


Year 


1990 


1995 


2000 


Production  Estimates  (mtpy) 

A.  Present  Study  (2X  elect,  growth) 

New  Production  9.0 

New  for  $1  Price  Change  1.5 

*New  for  $1.50  Price  Change  2.4 

New  for  $2  Price  Change  3.2 


14.0 
1.2 
1.8 
2.4 


31.0 

5.7 

18.0 

10.2 


B.  Victor  Wood  (2.3%  elect,  growth) 

New  Production  3.0 

New  for  $1  Price  Change  0.0 

*New  for  $1.50  Price  Change  0.5 

New  for  $2  Price  Change  1.0 


21.0 
1.0 
6.0 

11.0 


50.0 

7.0 

22.5 

38.0 


Tax  Revenue  Loss  (million  $/year) 

A.  Present  Study 

$1  Reduction  6.0 

50%  Reduction  9.9 

$2  Reduction  14.8 


11.6 
18.3 
25.6 


19.6 
34.5 
51.8 


B.  Victor  Wood 

$1  Reduction 
50%  Reduction 
$2  Reduction 


3.0 

19.0 

36.0 

3.8 

22.5 

41.2 

5.0 

31.0 

62.0 

*I-nterpolated 
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Table  27 


Present  Value  Basis  Comparison 

of  Severance  Tax  Policy  Alternatives 

and  Montana  Coal  Production 


Electric 
Policy        Growth 
Rate 

Production  Galr 
(million  tons  per 

1 
year) 

Tax  Revenue  Loss 
(million  $/year) 

1990 

1995 

2000 

A.  50%  Tax  Reduction  on  New  Production 

1% 

2 

2 

3 

105 

2% 

2 

2 

8 

150 

3» 

2 

10 

20 

205 

B.  50%  Tax  Reduction  on  All 

Production 

IX 

2 

2 

3 

685 

2% 

2 

2 

8 

730 

3« 

2 

10 

20 

785 
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for  the  1985-2000  period.  The  production  gains  1n  both  cases  are  around  2  mtpy 
in  1990  and  1995  and  8  mtpy  in  2000  (Table  27).  These  estimates  are   for  the 
base  case  of  Z%   electrical  growth.  If  growth  is  more  like  3%,  the  costs  are 
around  $205  million  and  $785  million  for  the  two  policies,  for  production  gains 
of  2,  10,  and  20  mtpy  in  1990,  1995,  and  2000.  If  growth  is  U,  the  costs  are 
around  $105  million  and  $685  million  for  production  gains  of  2  mtpy  in  1990  and 
1995  and  3  mtpy  in  2000. 
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Appendix  A:  Computer  Program  for 

Spatial  Market  Boundaries  of 

the  Northern  Great  Plains  Coal 

Market  Region 


PROCPAMt  TMIS  PROGRAM  CRGATCS  DATA  COORDINAtlS  PCR  SCVKN 

OKTS:  OCTODEH   1984 

OrMFNSlON  A(18,8J 
DIM«:NSI0N  AHAPU61,32) 
DIMENSION  Sr'JRE(10l/4) 

DATA  AA,*H\Lr,ATPAM,»TBTt*OUA>ADOB/*PROD/7»0.0/ 

DATA    TUTRA,rjrfiB,FLAC,RATI&i,HATi02/R*flUJ,RiTla4/7«0.0/ 
DA.TA    SyOIST,THICE#*NUM,SUNeG,ArtKT,DLciOE,DISTAI)/1*0.0/ 


\il 


Sy01ST,THICE#*NUM,SUNeG,A 
in    I(i^5J^^\^Js"Bj/3lg,",JARAV,«COU«T,IRO-,JCOL/9.0/ 


cnonniNATEs  passed  to  ahap. 


10  CONTINUE 

S   ECONOHIC    PARAHtTERS   USED    TO    GENERATE   MARKET   BOUNDARIES   ARE    IN    A(I,J). 
DO    40    1    «    1,18 

bo    30   J    »    1/B 

A(I,J)    «    0.0 
30  CONTIHUt 


CONTINUE 

Mrkm 

00    50    J   »    1/ 


C   lM&P(i/J]    HAS    Tllf.'TWANSPORHED  X    S    V   COOHDINATES  FOR    THE    7    HOUN0AR1E3. 


50  CONTINUE 

SO    COHTI  ■    - 


9  i'U 


^«   0.0 


60    CONTINUE 

A    FIVE    LETTER   CODE    IDENTIFYING    THIS    RUNI 


70    F0RMitf2//iX,'lYI 

ACCEPT  §6, ALPHA 
80  FORHAT(AS) 

WRITF(5,90)ALHHA 
90    FORMAh//,lX,'THlS    RUN    IS:    '/l  X#  A5///// ) 
UNIT    KOR22ibA{   hXs    INPUT    DATA  ReIO    InTQ    AUfJ) 

REAot2}tldo,END»110)((A(I,j5/    J»l/8)/ 1«1, 18) 

195  fOR-iTCF) 


ilO    CONTINUE 

WRITE(5/120) 


120    FO 


PHAT{//6X, 'COLORADO ',6 Xt 'ILL  1NUIS',8X#'NEV   MEXICOV^X, 
l'TEXAS*,5X.*UTAH',10X<'WASHINGTp«*<6X/;i.YOMlNC'/6X/'MONIAMA',/) 
WRITF(5/I36,EM0:'1«)(U(I/J)/J»1/8),I.1/1B) 


130  FORHAft* 
140  CONTINUE 


DO  540  J^RAY  «  1/8  I  LOOP  THROUGH  ALCCRITHN  FOR  EACH  OF  0  BOYS 
JOTOd'iO,  160/ 170,  180/ 190/ 200/210,  21!}  JARAY 


G( 


150      SnBI^m^^^  33       ,  ^^^^^^„^ 
2^0 


GOTO 

70      CONTINdE 

THETA  >  247. H5       I  NEW  MEXICO 
TO  220 


180 


THtn    «    300. C6  I    TEXAS 

ITQ   220 


190  CONtlN'JE 


^22.69  I    UTAH 

C0T(3    220 
200  CONTINUE 

THETA    =»    157.77  I    WASHINGTON 

COTC    220 

C0NT1Ni;E 

THETA    =    217.97  I    WYO'IIMG 


210 

^^'  THETA    =>"116.01  ••'ONTANA 

220  CONTINUE 


THETA    -    ; 

?0NTINI)E 
THETA  =  1 
CONTINUE 

51  «    CUSn(THETA) 

52  »    SlNtl(THETA) 


C      THE    NIIMUtH    0^    1  'NS    in     ';UAL    HjH    Ail.<0*L    UltK«li>JI.    Ut     »    *.lvc.< 
nti     .     >/]      ttDtw>«?Onn.0O 


n 


4/J»RAKr2O00.0O 
J»RAY)«lOOO.i 


CC    «    «(3/JARAY 
OD    =    A(6,J»RAy.    ,...^ 
EE    s    H(b/JAHAy)»rOO0.0 
TON/I    a    (AA/B8)*CC 
TONB    «    Ua/DD)*EE 
^   FIXED    TRANSPU'ITATION    COSTS   TOf   A    GIVEH   aUAHIlTY   OF    CCIL   PRODUCTION 

8   P,pouc,ja.^.»n  i«[«5j»i}5i;s„j""  "'  "»'«'"• 


ATRIN    a    A(i6/JAHAy)*TCNA 

I  v^rz^ikk'ArH-'VAviroi  ^iiFsiSR'iiii  ?i«RiiDra''*HSS.ET  b. 

OF.CIOE  a  AMRT  -  TOTB 
"°      $y^JI?y[;..LT.O.O)  GOTO  370 
C   DISTA  IS  COMPIITF.D  FOR  THE  CASE  THE  HARKEt  BOUNDARY  INTERSKCTS 
e   THE  X-AXIS  BETWF.KN  MARKETS  A  AND  B. 

DIFFAB  s  TOlBtTOTA  ,„ 

VARB  «  9TRAM  •  OlSTAB 


JM  =  DiFFAB  ♦  VI 
ATBT  »  ATRAN  ♦  BTkah 
CISTA  a  SUH  /  AtBT 

8      TOTAL  TRANSPORTATION  COSTS  ARE  CUMPUTEO. 

I8I§*B   a  HJ??*B  :   *AaWigtH*?i!iUB.DISlA, 

C      COMPUTE    DATA   USED    IN    CEWERATING    BOUNDARIES. 

§|p   s?A?ll!§lsy-iSxU   .0 

?S118      a    USfBi    ^TA)/ATHAN 
SQUIST    a    U1STAB**2 

ir(S!sriiTMIiE?5"    GOTO    3U0 
240  CONTINUE 

C      BELOW   LOOP    I?   »'IR    IfJE    CASE    WHFS    A    BOUNDARY   OPENS   TO    >'ARKET 

knn  a  i«i&°RPi*i$oa^ 

1     a    0 

00*§90_1U°ISAI    a    INTGR1,INTGR2,10 

iFClfGT.loi)    GOTO   290 

^F(FLAG.CT.l.O)    GOTO    2S0 
XCOHII    =   DISTA 


250 


YPIJS     a    0. 

GOTO   270 

cr-- 


RAflOl)    *■    RATI02 


260  SS1IS^2"!dISAI-2   -   CDISTBI-2)    ♦   S«DIST 

XCORO    =    ANUH/TWICE      ,,^„„-,,,, 
!?'^i;';NF,G!2i?SISrG3TS*2'r;;2il    ellipses    and    circles 


YPHS    a    SgHT(SiJN 


0)    Gi 
NCG) 


A-2 


270 
380 


290 


°'^^EOCLlO(XCORD/»POS/XllEXU»l«E«l/XIIEH2,rtEt42,Sl,S2) 


mm'.. 


:tLL 
'^''-"■■■"7j)««he«i 

JlI/J)«YNEHl 
JaJ*  , 
STIJH  i(l/J)»XMEM2 


BCLOM  LCOF 
300 


IS   FOR 


rHE   CtSE    kHEM    A    RUUNUAilV    UHENS    TO   HARKET    A. 


l1TCRl,tNTGR2/10 
6UT0  360 
COTU   310 


310 
3  20 


H3 


jp'l.GT.lOl) 

AH'IM^«'D1STAI«*2    •   IIDISBI««2) 


C    10ISBI*RAT103> 


RATI04 

SUOIST 


(S')HEU.LT.O.O)    C 
POS    «    SQRT(SqNEC) 

c5l!d   EUCLIO(XCORD/rPOS,XlltMWlllEKl/XHB«2,.TNEW2,Sl,S2) 

OT[n^a).xHE-i 

SigRp(l/J)«XNE*l2 

*   TNEV2 
0 


SlORUl/ 


riND  THE    IRTERSKCTIOM  POIHT   OF   THE   MARKET   BOUMDARt   *JltH 


CKNUM    »    BTR*N«»(6/JA 
CKQEN    3   ATRXH»»M,JA 


mil 


'AB   3    T 
VARB    «   BTRAN 


ate  440 

STAB 


SUM   « 
SIi?A' 


kTKAN'BTRAN 
SUM   /    ATBT 


380 
390 
I      COMPUTE 


CnTO  390 
STA   IS    MEGATUE   FOR   JARA Y« '/IX,  I  ) 


mmm 

^ONTIMUE 
TOTAL   TRAHSPORTATIOH  COSTS 


iAT 

SOU   ST 
TWICE 


-»",«  J.'S%|pp|U..^„.„ 


8i 


STAB) 
BOUNDARY 
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I1C4.U.     f  L.     iJ    I   i..    .'o     .    -J-    '■■'■     JJU'<»''»iii    wi  citj    On    Itik    UIiiLk    SlUb 
OF    MARKET    B. 

INJGRl    » 

INIGRJ    2 

1    «   0 

DO    430    lOlSAl    =    IMTGB1/1NT(;R2/10 

ira.GT.lOl)    GOTO   430 

IfFfLaG.GT.I.O)    goto    400 
XCQRn    »   UlSTA 
YP'JS   »   0.0 
GOTO    410 

■'•'"'  g?";l?   r'.    (    lOISAl-RATIUl    )    .    HAT102    .^ 

ANUN   =    IDIsaI«*2    -    (d1sTB1««2)    ♦   SQDIST 
XCOHD    =    ANUH    rTjJICE,^    „,„..,. 
SQMEG    »    IUISAI**2  -    (XCnRD**2) 
IFCS'JMEC.LT.O.O)    GOTO    420 
YP;)S   «   S(lRT(SyMEC) 

^^'^  CALL^EOCL10(XCORD,¥POS,X«EH1/YNEW1/XNEH2,VHEW2/SI,S2) 

420  COMTINUE 

STURE(I,J)    =    XNEMl 

ST(JRE(I,J)    -    VnEKl 

STUKKd/J)    3    XNEM2 

STURfldtJ)    »    YNEW2 

FLAG   -   100.0 
ONTINIJE 
OTC    4B0 

440  CONTINUE 

■  RIT" 


430 
C 


HRnE(5,450)JARAY 

450  FORMAT?''    '?///JlL'THE   MARKET   BOUNDARY    FOR    JAFAY   EQUAL    TOMX 

1,1,1X.'D0ES    MOT   fexlST*) 
GDTC    520 


460  CONTINUE 

FORV 
STBA 
GOTO 

480  CONTimit 


470  FORVH(*^^rJ//{*^HE    MARKET    BOY    FOB   JARAY   EQUAL    TO  J '/IX,!/ IX, 'I 

^^    *    GOTO^Sao    ''      f'ENTER    LOOP    AND  PROCESS    NEXT    STATE 


iJRITEi'J/  190)    JARAY,TONA/TONB/ADDA/ADDB/APROD/PPROD,DU  FAB 
490^'"^Po6MAf(/??J^'^*, -STATE   NUMBER -,3X,  1, //«'% 'THE    QUANTITY   OF    COA 


IISTA    EQUALSJ',1X,F8.2////) 


FOR    EACH    STATE/    THE    X    S    Y    VALUES    OF   THE    BOUNDARY    APE    HEAD    J-RO" 
STORE(I,J)    INTO    ARRAY, 'AMAP'. 
Do    510    lR0W=I,10f 
DO   500   J=I/4 
JC0L=K   ♦ 

llO  CONIIN'IE 

520  CONTINiJS 

530 
5  40 


IROW)?JCOL)=STORE{IHOW,J) 
MTlNUE 


K=K  +  4 
CONTINUE 


COHTINOE 

00    560__,,.,.  =  ..    E^a=55gw4,44p(i^j,^j-i,32) 

COHTINUE 
STOP 


WRlTihl/550,END=56Q)(« 
FORWAlt*    '(32{'    -,F9.2J 


C....535 •' -- -—      " 

I      SUBROUTINE   EUCLID   CREATES    NEli   COORDINATES    FOR    MARKET   BOUNDARIES 
C      BY    ROTATING    TME    STANDARD    BASIS    VECTCRS    BY    'THETA*    DEGREES. 

SUHRODTIHE    tUCLlUCUXOLU/UyOLD/OXHEWl/DYNEHl/ 
inXNEW2/DYHKw2^DSl,OS2)  .     .    . 

999         OXHEVil    =    C    USl*{nxaLD)-0S2»(0YULD)    ) 

pYNFHl  =  \    U.SJ»{UX0LD)*DS1»(DY0LU)  ) 

DXNEW2  =  (  Ur,l«fUXOLDi-03J*(-DY0LD)) 

DYNEH2  =  (  US2»(UX0LD)*DS!*(-DY0LD)  ) 
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Appendix  B:  Montana  and  Wyoming 
Coal  Contracts  (uncorrected) 
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Appendix  C.  Input  File;  Spatial  Market  Model 

This  appendix  provides  a  sample  of  the  data  Input  file  for  running  the 
spatial  market  model.  The  basic  data  format  Is  summarized  In  Figure  C-1,  and 
a  sample  Input  file  (for  the  base  case  at  MT  FOB  «  $9.50  and  WY  FOB  »  $6.00) 
Is  provided  In  Table  C-1.  Each  row  In  Table  C-1  Is  Identified  In  Figure  C-1. 
The  columns  in  Table  C-1  each  correspond  to  boundaries  between  Montana  coal 
and  one  other  coal  supply  center.  The  column  sequence  from  left  to  right  Is: 
Colorado,  Illinois,  New  Mexico,  Texas,  Utah,  Washington,  South  Wyoming,  and 
Wyoming  supply  centers. 

The  spatial  market  maps  discussed  In  the  text  of  this  report  were 
generated  by  varying  FOB  prices  for  Montana  (line  12),  FOB  prices  for  Wyoming 
(column  8,  line  13),  and  fixed  transportation  charges  (to  adjust  for 
differences  between  air  and  actual  rail  mile  distances  by  region). 
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Line  # 

Coal  Supply 
Center 

1 

A  &  B 

2 

A  &  B 

3 

A 

4 

A 

5 

B 

6 

B 

7 

A 

8 

B 

9 

A  &  B 

10 

A 

11 

B 

12 

A 

13 

B 

14 

A 

15 

B 

16 

A 

17 

B 

18 

A  &  B 

Figure  C-l 
Variable  Description  for  Market  Boundary  Parameters* 
Variable  Description 


Power  plant  size    (net  MW) 

Hours  operated  at  full  load    (hours) 

Power  plant  heat  rate   (BTU/KWhr) 

Coal  heat  content   (BTU/lb) 

Power  plant  heat  rate    (BTU/KWhr) 

Coal  heat  content    (BTU/lb) 

Power  plant  capital  cost   ($/KW) 

Power  plant  capital  cost   ($/KW) 

Fixed  charge  rate    (decimal) 

Operating  and  maintenance  costs  ($/KWhr) 

Operating  and  maintenance  cots   ($/KWhr) 

FOB  mine  price    ($/ton) 

FOB  mine  price    ($/ton) 

Fixed  transportation  cost    ($/ton) 

Fixed  transportation  cost    ($/ton) 

Variable  transportation  costs     ($/ton-air  mile) 

Variable  transportation  costs     ($/ton-air  mile) 

Straight  line  distance  between  A  4  B        (miles) 


*Duffield,  Silverman  (1982)     p.  8-55 
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Appendix  0.  The  Decker  Market 

Developing  a  coal  production  forecast  for  Montana  coal  is  complicated  by 
the  fact  that  there  are  two  somewhat  different  coals  in  Montana  (as  noted 
previously).  The  Decker/Spring  Creek  9300  to  9600  BTU  coal  at  '83  average 
prices  is  not  competitive  with  8450  BTU  Wyoming  coal  at  $6  to  $7  a  ton.  These 
Montana  coals  appear  to  have  commanded  a  substantial  price  premium  in  the 
past.  There  are  several  probable  reasons  for  the  much  higher  prices  commanded 
by  the  high  BTU  coals.  The  principle  destinations  for  these  coals  are 
Commonwealth  Edison  and  other  utility  plants  in  northern  Illinois,  Indiana  and 
Michigan.  These  are  mostly  older  plants  built  in  the  60's  and  70's  that  now 
face  sulfur  emission  regulations  of  sometimes  as  low  as  1.2  lbs./S02  P^'* 
million  BTU.  It  is  possible  for  these  older  plants  to  burn  Decker  and  south 
Wyoming  coal  with  no  scrubbing  and  still  meet  the  standards.  Accordingly  they 
are  now  paying  $55  to  $80  a  ton  delivered  for  Decker  and  south  Wyoming  rather 
than  $30  Illinois  coal  because  the  latter  Is  3%  sulfur  and  would  require  very 
high  scrubber  retrofit  costs.  These  plants,  in  addition,  may  have  no  choice 
but  to  burn  the  higher  BTU  coals  since  they  were  originally  designed  for 
bituminous  coal.  In  short,  it  appears  that  Decker  and  south  Wyoming  may  have 
a  captive  special  market. 

Decker  appears  to  have  the  edge  in  this  market  at  present.  This  is 
supported  by  the  prices  reported  for  July  1984  shipments.  For  example, 
delivered  prices  to  Commonwealth  Edison's  Waukegan  plant  was  343.8«f/MBTU  (or 
$65.94/ton  on  9591  BTU  coal)  from  the  Black  Butte  (Green  River  area)  mine  and 
281.0^/MBTU  (or  $53.82/ton  on  9577  BTU/lb.  coal)  from  Decker.  However,  from  the 
standpoint  of  new  plants  which  can  design  for  any  coal  rank.  Decker  at  $20/ton 
is  clearly  out  of  the  market  against  Powder  River  Wyoming  in  all  locations. 
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At  the  very  much  lower  prices  for  new  contracts  suggested  by  Coal  Week 
for  9300  BTU  Montana  coal   of  $12/ton,  a  corresponding  price  for  Decker  at  9600 
BTU  would  be  about  $12^0  or  65^/MMBTU.     By  contrast  even  at  $7.70  and  8450 
BTU,  Wyoming  coal   Is  only  46^/MMBTlJ.     On  top  of  this  Wyoming  Powder  River 
coal  has  a  130  mile  or  so  advantage  to  the  south  and  south-central  over 
Decker,  worth  another  13^/MMBTU.     This  32^/MMBTU  disadvantage  to  Decker 
against  Wyoming  Powder  River  Is  partially  overcome  by  transportation  savings 
due  to  higher  BTU's  per  ton— around  13^  at  1000  miles  and  20(i  at  1500  miles. 
The  conclusion  here  Is  that  even  at  the  prices  suggested  by  Coal   Week,  Decker 
Is  not  competitive  for  new  plants  In  the  south  and  south-central   states.     For 
large  price  reductions  (up  to  $3)  Decker  Is  similar  to  8700  BTU  Montana  In  the 
south  and  south-central   region  and  will  accordingly  be  modeled  together. 

In  the  north  central   states  of  Minnesota,  Wisconsin,  and  Michigan,  Decker 
at  $12.50  Is  not  competitive  against  8700  BTU  Montana  at  $9.50,    for  new  plants 
under  the  RNSPS.     This  Is  not  contradicted  by  the  fact  that  the  one  recent  new 
Decker  contract  Is  for  the  new  Belle  River  plant  In  Michigan.    This  plant  Is 
the  last  Michigan  plant  to  come  on-line  under  the  old  NSPS  1.2  lb.  SO2/MMBTU 
regulation.     As  explained  earlier  (Chapter  II),   the  8700  BTU  Montana  coal    Is 
priced  out  of  this  particular  market  due  to  scrubber  requirements  on  this 
somewhat  higher  sulfur  coal. 

It  appears  that  at  present  Decker  Is  practicing  Intelligent  price 
discrimination  In  the  particular  markets  where  It  has  an  advantage.     If  Decker 
or  similar  mine  locations  should  find  It  necessary  to  go  Into  the  RNSPS  new 
pl<int  market  to  utilize  or  expand  existing  capacity.    It  Is  not  clear  how  low  a 
price  could  be  sustained.     At  current  prices  and  rail    rates,    for  new  plants 
coming  In  under  RNSPS,  8700  BTU  Montana  coal    appears   to  dominate  or  t^q-jal 
Decker  coal    In  most  potential   market  locations.     Accordingly,   given  price 
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uncertainty  and  market  dominance,  the  production  forecast  and  analysis 
presented  In  Chapter  III  Is  based  on  8700  BTU  Montana  coal. 
Decker  Type  Coal :  Montana  Resources 

The  unusual  character  of  Decker/Spring  Creek  coal  compared  to  the  rest  of 
the  Powder  River  Basin  raises  the  question  of  long  and  short  term  market 
availability  and  competition.  Decker  coal  1s  high  BTU  (9300-9500),  low  sulfur 
{.3%   to  A%)   and  average  ash  and  water  content  compared  to  most  other  Montana 
and  Wyoming  coals.  As  such  they  would  appear  to  be  very  desirable  as 
replacement,  mixing  and  even  new  boiler  fuels  1n  the  Northern  Great  Plains 
market  area  as  defined  by  Duf field  and  Silverman  (1982).  New  contracts  for 
the  Decker-like  coal  from  the  Decker  or  Spring  Creek  mine,  or  other  potential 
mining  sites,  depend  upon  the  reserve  base  of  the  sites,  as  well  as  mining  and 
delivered  costs.  It  1s  therefore  constructive  to  look  at  the  resource  factors 
at  each  current  potential  mining  site  In  Montana  containing  Decker-like  coal. 

The  two  operating  mines  1n  Montana  with  high  BTU  coal  are  the  East  Decker 
mine.  West  Decker  Mine  (Including  the  North  Decker  Extension)  and  the  Spring 
Creek  Mine.  Table  D-1  lists  the  coal  production  data  for  Montana  for  the  last 
few  years. 

Both  the  Decker  mines  and  the  Spring  Creek  are  Important  Montana 
producers,  accounting  for  15  mtpy  in  the  year  (1981)  before  the  national 
recession  that  forced  production  cutbacks  nationwide.  The  permited  reserves 
and  design  capacity  of  the  Decker  and  Spring  Creek  mines  are  presented  in 
Table  D-2.  The  reserves  include  those  on  both  federal  and  non- federal  lands. 
Production  for  the  first  9  months  of  1984  appears  up  over  1983,  reflecting  the 
rebound  in  the  economy,  and  the  ability  of  utilities  to  increase  electric 
power  production. 
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Table  D-1 


Montana  Coal  Production:  1979-1983 

County 
any     (Name  oi  Mine     "  " 

Dackar  Coal  Company 

Dackar  Coal  Company 

Knifa  RIvar  Coal  Co. 

Long  Conatnictlon  Ca 

Morriaon-Knudaan  Co.,  Inc. 

P  &  M  Coal  Company 

Panbody  Coal  Company 

Spring  Craak  Coal  Co. 

(NBRCO) 

Storm  King  Coal  Mining  Co. 

(OWIda  Coal  Co. 

mld-ig02) 
Coal  Craak  Mining  Co. 

3eartco(li  Coal  Ca 


Mame  of  Mine 

1     &  Town 

1979 

1980 

1981 

1982 

1983 

Bast  Deckar  MIna 

Big  Horn  Ca 
Dackar 

5.687.433 

8.576.607 

5.350,113 

4.914.070 

5,o<o,oie 

Waat  Dackar  Mlna 

Big  Horn  Co. 
Dackar 

7.M7.374 

9.616.699 

5.331.626 

4.S84.020 

5,308,799 

Savaga  Strip  Mlna 

Richland  Co. 
Savaga 

309.143 

309.978 

204.492 

171.556 

206.543 

Rotabud  Mlna 

Roaabud  Ca 
Colatrip 

11.725.958 

10.401.972 

10.352,066 

9,424.897 

0.544.062 

Absaloka  Mlna 

Big  Horn  Ca 
Hardin 

4.047,008 

4.909.262 

4,450.296 

4.158.578 

3.868.844 

P  M  Surfaca  Strip 

Muasalshall  Ca 

11.693 

11.189 

7,404 

15.141 

Big  Sky  MUM 
Spring  Craak  Mlna 
Storm  King  Mlna 

Roaabud  Ca 

Colatrip 
Big  Horn  Co. 

Dackar 

MuaseUhell  Co. 

Roundup 

2.497.633 
9,464 

2.964.359 
05.634 
8.571 

3.103.570 

4.368.885 

8.165 

2.801.428 

1.352,181 

8.062 

2,571,861 

2,102,808 

5,896 

Coal  Craak  Mlna 

Powdar  RIvar  Co. 
Aahtand 

29.876 

84.308 

64.142 

16.608 

Brophy  »2  Mlna 

Carbon  Co. 

719 

7.321 

Total  Coal  Tonnage  Production  by  Year 


SX,48a,4f«       2f,t87.S8«       33.931,089       27.838,301       28,800,284 
Source:  Oept  of  Labor  and  Industry 
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Table  D-2 

Reserves,  Design  and  Production  of 

High  BTU  Coal,  Montana 

(in  900  tons) 


Mine 

Reserves 

Design 
Capacity 
(mt/yr) 

1983 
Prod. 

1984 

Prod, 
(to  Oct.  1) 

East  Decker 

172,590 

6,000 

5,040 

4,458 

West  Decker 

175,300 

7,000 

5,309 

4,664 

North  Decker 

(W.  Decker  Extensi 

57,412 
on) 

2.400 

0 

0 

Spring  Creek 

184,000 

7,000 

2,103 

2,442 

Source:  Montana  Dept.  State  Lands  (1984) 


For  Montana's  three  (4)  operating  high  BTU  mines,  available  tonnage  for 
new  contracts,  after  subtraction  of  past  production  and  current  contract-life 
tonnage,  is  reported  1n  Table  D-3. 


Table  D-3 

Uncommitted  Reserves  at  Decker 

and  Spring  Creek  Mines 

(in  10°  tons) 


Mine  Name 

Total  Reserves 

Mined  to  Date 

Total  Contracted 
Tonnage 

Reserve 
Available 

East  Decker 

172.6 

20.0 

(Est.) 

62.0 

+  110.0 

West  Decker 

175.3 

74.0 

(Est.) 

North  Decker 

57.4 

0 

236.3 

-   3.6 

Sub  Total 

405.3 

94.0 

298.3 

106 .4 

Spring  Creek 

184.0 

8.0 

80.0  (Est.) 

104.0 

Total 

589.3 

102.0 

378.3 

211.0 

Source:  MBMG,  Contract  Data  (Green) 
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Approximately  200  million  tons  of  uncommitted  coal  remain  at  Decker  and 
Spring  Creek.  Mined  over  a  20  year  contract  life,  each  mine  site  should  still 
be  in  position  to  provide  5  million  tons  per  year,  or  10 
minion  tons  per  year  total;  a  substantial  increase  to  current  production 
levels.  In  both  mines,  only  modest  expansion  of  current  design  capacity  would 
be  needed  to  mine  out  all  economic  coal  in  20  years. 

Let  us  now  consider  Decker-like  coals  in  public  and  private  leases  that 
are  not  yet  developed  for  mining,  and  estimate  the  potential  for  production 
should  markets  develop  In  the  future.  Table  D-4  provides  data  on  mine  lease 
sites,  both  federal  and  non-federal,  and  estimated  minimum  in  place  tonnage  of 
high  BTU  (+  9300)  coal,  as  well  as  the  OTA  (1982)  estimate  of  1991  production 
likelihood  and  planned  capacity.  The  Montco  lease  on  non- federal  land  is 
Included  because  of  its  recent  history,  even  though  most  of  the  coal  is  below 
the  9300  BTU  cutoff,  ranging  from  8500  to  9300  BTU  oer  pound. 


Table  D-4:  Estimated  Resources  of  High  BTU 

Coal  at  Undeveloped 

Leases  In  Montana 


Fedei^al  Lease  Mines 

1991  Prod. 

1991  Cap. 
(mt) 

Est.  Resources 
Base  (m.t.) 

Cx  Ranch  (Consol.) 
Cx  Ranch  (PKS) 

Fav 
Fav 

8.0 
4.0 

(+  200) 
322 

(+  100) 

Pearl  Mine  (Shell) 

Unfav 

2.0 

50-100 

Wolf  Mine  {           ) 

Unfav 

? 

50-100 

Non-Federal  Lease  Mines 

Montco 

Fav 

9.0 

>  200 

Youngs  Creek 

Unfav 

8.0 
31.0 

235 

875(Min.) 

Source:  OTA,  1982,  Montco  Impact  Statement,  MBMG 
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It  Is  Important  to  point  out  that,  although  over  1  billion  tons  of  high  BTU 
coal  remain  for  sale  In  Montana,  no  new  contracts,  have  been  signed  beyond  what 
1s  already  In  place  at  either  of  the  operating  mines  or  the  lease  holdings. 
Although  mining  costs  In  the  high  BTU  fields  of  Montana  are  not  specifically 
known  for  undeveloped  sites,  they  are  all  fairly  comparable  to  the  Decker/Spring 
Creek  systems,  which  In  turn  are  not  too  different  from  Col  strip. 

In  addition,  the  OTA  (1982)  su^'vey  of  mine  plans  suggested  that  at  least 
some  of  this  uncommitted  high  BTU  coal  might  even  be  In  production  by  1986, 
with  8.0  mtpy  from  Consolidation  Coal's  Cx  Ranch  site,  4.0  mtpy  from  Peter 
Klewltt's  Cx  Ranch  site  and  2.0  mtpy  from  the  Montco  site.  Clearly,  none  of 
these  mine  sites  will  reach  the  1986  target,  and  Consolidation  Coal  has 
recently  closed  its  Montana  office.  OTA  also  reported  that  mine  developers  at 
the  Cx  Ranch  sites,  Montco  and  Youngs  Creek  expected  tonnage  capacity  to 
Increase  to  29  million  tons  per  year  by  1991.  Again,  this  estimate  looks 
highly  unlikely,  given  the  state  of  electric  power  consumption,  utility 
planning,  air  pollution  control  strategies,  and  the  state  of  the  synthetic 
fuel  Industry  In  the  U.S. 
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Appendix  E.  Status  of  Mine  Production  in  Montana  and  Wyoming 
Thick  seams,  low  suKur  content  and  shallow  overburden  all  characterize 
the  coals  of  Montana  and  Wyoming,  and  especially  the  shared  Powder  River 
Basin.  In  the  late  1970's,  concern  about  air  pollution,  especially  acid  rain, 
and  unit  train  development  brought  northern  plains  coal  into  the  midwest  and 
midsouth  markets.  Early  1970's  projections  of  high  energy  and  electric 
utility  growth  rates,  along  with  the  conversion  or  phase  out  of  oil-  and  gas- 
fired  electric  generation,  suggest  the  very  extensive  development  of  Powder 
River  Basin  coals.  Such  fjrecasts,  together  with  rapid  leasing  of  federal, 
state  and  private  coal  lands  in  the  late  1960's,  placed  the  Powder  River  Basin 
in  a  position  poised  for  rapid  coal  development  in  the  eighties  and  nineties, 
continuing  the  startup  surge  of  the  seventies. 

Needless  to  say,  the  collapse  of  the  economy  in  1981-82,  conservation 
measures,  the  drop  In  world  and  U.S.  oil  prices  and  the  realization  that 
synthetic  fuels  from  coal  Is  many  years  away  from  competitive  pricing,  have 
set  even  the  most  conservative  forecasts  for  coal  development  back  (or  forward 
in  time).  It  is  instructive,  however,  to  review  the  level  of  planning  in  the 
early  eighties  In  order  to  anticipate  the  competitive  conditions  that  will,  in 
part,  guide  future  development  of  coal  deposits. 

In  addition,  the  coal  development  scenarios  of  the  Powder  River/Northern 
Great  Plains  are  in  large  part  influenced  by  the  federal  government.  As  the 
largest  coal  owner  in  the  PRB,  lease  policy,  and  rental  and  royalty  fees  drive 
competition  for  lease  blocks  and  development  plans.  An  important 
consideration  is  the  "due  diligence"  requirements  of  federal  leases.  This 
requirement  obligates  the  leasee  to  place  resources  into  production  at 
significant  mining  rates,  and  within  relatively  short  time  frames.  For  the 
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current  federal  leases,  a  number  do  not  appear  Hkely  to  meet  the  due  diligence 
schedule,  and  therefore,  can  loose  lease  rights  (OTA,  1982).  Private  and  state 
leases  generally  offer  more  flexIblHlty  In  development  schedules. 

Table  E-1,  taken  from  the  OTA  (1982)  study  of  coal  leasing  In  the  west, 
shows  the  number  of  mines,  leases  and  estimated  resource  base  for  federal 
leases  In  Montana  and  Wyoming. 


Table  E-1:  Approved  Mine  Plans  with 
Federal  Coal  Leases  (mil  tons) 


Montana 

Mo.  Leases 

No.  Mines 

Mine  Reserves, 
(mt) 

Federal  Mine 
Reserves  (mt) 

Powder  River 

12 

5 

480 

400 

Wyoming 

Powder  River 

24 

12 

4,500 

4,200 

Total 

36 

17 

4.980 

4.600 

S.  Wyoming 

Hanna 

Rock  Springs 

Kemmerer 

15 
5 

3 

6 
3 
2 

200 
400 
130 

70 

800 

5 

Source:  OTA  (1982)  Table 

49 

Powder  River  Basin  mines  with  federal  leases  are  reviewed  In  Tables  E-2 
and  E-3.  Of  specific  note  Is  the  contract  data  and  the  leasees'  estimate  of 
1991  production  levels.  The  1986  mine  design  capacity  nearly  exactly  matches 
the  1991  production  estimate  made  by  the  coal  companies.  With  the  recent  set 
back  In  new  coal  sales  and  contract  deliveries,  1t  Is  unlikely  that  mine 
capacity  expansion  will  take  place  on  the  original  schedule. 
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Table  E-2 


-Powder  River  Basin  Federal  Mine  Statistics 


Acteaoa 

~T5iiil 

psrmllled 
Number  of     Federal*        mine         Federal  Ciimrilntive 

Federal  lease  plan  lease       First  cnal    prodiicllon      Produrlion 

leases        reserves      acreage      acreage     shipped       1978  1979  1979 


Hosebud 
Big  Sky 
Spring  Creek 
West  Decker 
East  I 


VVeslern  Energy  Co. 
Peabody  Coal  Co. 
Spring  Creek  Coal  Co. 
Decker  Coal  Co. 
Decker  Coal  Co. 


(billion  tons) 


HM  e.t9B 

LM  2.351 

L  3.018 

HM  3.137 

L  4,378 


8.227 
4,307 
2,347 
4.981 
9.410 


(million  tons)  (million  Ions) 


19203  4t3 

1989  9  3 

1980  00 

1972  557 

1978  5.9 


0.8 


19.080       29,252 


112 


11  7 
25 
00 
7  1 
5.9 

27.2' 


40  ycijis 
38  years 
25  yes!3 
21  yr^.^ 
27  plus  ycnis 


(»irrom»n»> 

Buckskin 
nawhida 
Eagle  Bulla 
Wypdak 
Caliallo 
Belle  Ayr 


Shell  OH  Co. 

Carter  Mining  Co. 

AMAX  Coal  Co. 

Wyodnk  Pesources 

Cartnr  Mining  Co. 

AMAX  Coal  Co. 
nolo  Caballos  Mobil  Oil  Corp. 
Coideio  Sunoco  Energy  Dev.  Co. 

Coal  Creek  Atlantic  nichtleld  Co. 

Jacobs  Panch      Kerr  McQee  Coal  Co. 
Black  Thunder     Thunder  Basin  Coal  Co. 
Dave  Johnston    Paclllc  Power  &  Light  Co 
Wyoming  totals 
Powder  niver  basin  totals: 


1,487 
7,393 
4,304 
3.240 

10,040 
8.280 
5.815 
8.232 
9,545 
4,959 
7,560 

14,305 


5,380 
2.401 
3.959 
8,560 
5.808 
4.352 
5.884 
9.682 


1981 
1977 
1978 
1922 
1979 
1973 
1983 
1976 
1981 
1978 
1977 
1958 


83.140   55,680 


5.3         102.220       84,932 


00 
7.2 
4  0 
83 
14 
53  8 
00 
98 
00 
85 
103 
13.1 


00 
36 
37 
24 
13 
15  0 
00 
38 
00 
47 
82 
38 


16  years 

26  years 

37  years 

43  years 

44  years 
19  years 

27  years 
26  years 
35  years 
22  years 

38  years 
16  years 


*Hon.F*<)*r(l  letnrvts  In  logic*!  mining  units  with  that*  Fadaril  leiist  reserves  \ 
Wyoming  to  the  iibove  loliils  Inpproilmalely  0.9  button  toot  In  •(!  would  be  idc 
liAi  reported  by  the  lesmcs  In  theh  mine  pleni. 
'Set  Iht  OTA  Woihlng  Lttta  Llil,  tpp.  B,  lor  a  Ittllng  ol  bolh  ptreni  compantts  ar 


HM   a     high  lo  mtdlum  ttttrvti  (tOO  mill 

H   a     high  itltntt  lover  180  mllHon  lor 

SOUnCE;  oilict  o»  Technokigy  Attettmanl. 


Table  E-3 


-Powder  River  Basin  Federal  Mine  Production,  Capacity,  and  Contracts 
(millions  ol  tons  par  year) 


1080  1080  OTA 

mine  mint  production 

dtslgn  Production       design  ^r 
ctptclly           1080          ctptcily 


1001  OTA  esllmated 

mint  producllon  1001      Conliicll 

dtsign  ^emar 

production  t08«    ctptclly  H 


Menltnt 

Postbud  14  2 

Big  Sky 4  8 

Spring  C'ttli 0  2 

Wetl  Otcktr  ....  10  4 

EttI  Dtcktr 8  7 

Monltna  loltit  38 

Buckskin 0 

ntwhidt  tnd 

Ctbtlto  12*4 

Etolt  Built  and 

Bella  Ayr 14  4  21 

3 

lot . . .  0 

24 

CoalCrtek 0 

Jacoht  ninch 
Black  Thunder 
Otva 


loltis  

Powder  ftlver 


33  7 

278 

34 

25 

49 

27 

38 

10  9 
38 

209 
38 

174. 
3.7 

130 
3.1 

18  9 
3.7 

170 
3.7 

20  9 
38 

10  4 
3.8 

148 
3.3 

18  5 
3/ 

205 
37 

112 

829 

189 

123 

93 

110 

144 

179 

150 

101 

115 

170 

*Thlt  ctptclly  ttllmtit  btaad  on 
SOURCE:  Oinca  ol  Technology 
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Leases  with  approved  mine  plans  (Table  E-4)  1n  Montana  and  Wyoming 
provide  a  potential  production  for  the  two -states  In  1986  and  1991  of  219  m.t. 
and  248  m.t.  respectively.  Montana  potential  production  will  closely  follow 
the  contract  levels  for  the  year  1986  and  1991;  however,  the  Wyoming  potential 
Is  far  In  excess  of  current  contract  commitments  for  1991. 


Table  E-4:  Approved  Mine  Plans  with  Federal 
Coal  Leases  (mil  tons) 


Montana: 

1979  Prod. 

1984  Prod. 

1986  Pot. 

1991  Pot 

Powder  River  Basin 
Fort  Union  Basin 

27.1 
0.3 

33  JQ 
0.3 

46.0 
0.3 

49J) 
0.3 

Sub  Total 

27.4 

33.3 

46.3 

49.3 

Wyoming: 

Powder  River 

Hanna 

Rock  Springs 

Kelnraerer 

45 
11 

7 
5 

120 
? 
? 
5 

144 
10 
13 
6 

170 
8 
15 
6 

Sub  Total 

68 

125+ 

173 

199 

Grand  Total 

95.4 

158.3+ 

219.3 

248.3 

Noti:  Pending  plans  If  not  withdrawn  range  from  0-9.0  m.t.  In  MT  (1986-91)  and 

10-70.  m.t.  In  WY  (1936-91) 

Source:  OTA,  1982,  Table  47 


In  addition  to  mines  on  federal  lands,  private  ownership  and  state  leases 
provide  additional  opportunity  for  production  (Table  E-5).  Although  plans  for 
capacity  expansion  are  almost  always  predicated  upon  coal  sales,  pl.inning 
often  preceeds  contract  signatures  and  cutbacks  are  easier  to  implement  than 
rapid  expansion.  Therefore,  it  is  likely  that  Montana  caoacity  will  not  reach 
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50  million  tons  in  1991  under  current  conditions.  Wyoming  expansion  plans  are 
mitigated  by  the  enormous  mine  capacity  already  in  place,  and  significant 
expansion  of  non- federal  mines  seems  unlikely  given  the  development  requirements 
on  federal  leases.  The  incentive  for  federal  lease  holders  is  to  cut  costs  and 
profits  in  order  to  put  properties  into  production  wherever  possible. 


Table  E-5:  Major  Non-Federal 
Mines  in  the  Powder  River  Basin  (mt/yr) 


Montana 
Absaloka 
Montco 

Youngs  Creek 
Bull  Mts. 
Sub  Total 


Wyoming 
Bighorn 
^Wymo 

Clovis  Point 
Sub  Total 


1986 
Capacity  Contracts 

10.5 
2.0 

5.1 
0 

0.5 
13.0 

0 
5.1 

3.0 
4.0 

5.0 
12.0 

3.0 
2.0 

0 
5.0 

1991 

Capacity 

Contracts 

10.5 

5.1 

9.0 

0 

8.0 

0 

2.0 

0 

29.5 

5.1 

3.0 

3.0 

4.0 

2.0 

5.0 

0 

12.0 

5.0 

Grand  Total         25.0 
a  =  utility  captive 
Source:  OTA,  1982 


10. 1 


41.5 


10. 1 
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Appendix  F .  Decision  Theory  Analysis  of  Severance  Tax  Cut  Impacts 
on  Expiring  Montana  Contracts 

This  appendix  provides  a  preliminary  analysis  of  the  Impacts  of 
severance  tax  cuts  on  Montana  coal  contract  renewals.  The  overall  effect  of 
a  Montana  tax  cut  will  depend  on  a  number  of  factors,  such  as  the  electric 
growth  rate.  For  expiring  contracts  the  key  uncertainty  Is  the  level  of 
supply  prices  for  competing  coals,  particularly  Wyoming.  A  decision  theory 
model  which  takes  account  of  thr?  risk  associated  with  alternative  Wyoming 
prices  Is  developed  below,  for  application  to  the  expiring  contract  Issue. 
A  similar  analysis  for  aVi_  categories  of  potential  demand  (new  plants,  acid 
rain  plants)  would  be  appropriate  but  Is  beyond  the  scope  of  this  project. 

Montana  coal  contracts  that  are  known  to  be  expiring  by  1995  are 
summarized  In  Table  F-1.  The  contracts  total  around  14.5  mtpy  (based  on  an 
average  of  contract  minlmums  and  maximums).  Actual  1983  contract  deliveries 
totaled  12.6  mtpy  to  these  burn  sites.  By  1995  expiring  contracts  will  be 
about  one- third  of  projected  1995  Montana  production  (at  46  mtpy).  All 
contracts  expiring  to  1995  are  for  the  8700  BTU  Montana  producers. 
Westmoreland  and  Peabody  production  Is  currently  100%  on  contracts  that  will 
expire  by  1995.  Western  Energy  Is  somewhat  less  exposed  with  58%  of  today's 
production  due  to  contracts  to  expire  by  1995  and  dropping  to  around  40%  by 
1988.  In  short,  expiring  contracts  are  a  significant  share  of  current  and 
forecast  production,  particularly  for  Westmoreland  and  Peabody. 

Table  F-2  provides  an  estimate  of  a  breakeven  Wyoming  minemouth  (FOB) 
price  that  would  just  match  Montana  FOB  of  either  9.50  $/ton  or  10.50  $/ton 
(both  cases  presented).  The  estimates  are  based  on  differences  in 
transportation  cost.  For  example  the  Corette  plant  in  Blllinqs  is  only  110 
miles  further  from  Gillette  than  from  Colstrip.  Using  an  incremental  cost 
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Table  F-1 
Summary  of  Expiring  Contracts  by  Burn  Site 


State 

Utility 

Burn  Site 

Quantity 
(mtpy) 

Expiration 
Date 

Montana 

MPCo 
Subtotal 

Corette 

.6 
(.6) 

'90 

Minnesota 

NSP 

Sherburne 

4.5 

'93- '95. 

Minneapolis  Area 

2.3 

'93-'95 

MPL 

Clay  Boswell 

3.6 

'93 

Subtotal 

Laskin  (Aurora) 

.2 
(10.6) 

'93 

Wisconsin 

WPL 

Nelson  Dewey 

.2 

'93 

Columbia 

2.0 

'94 

DP 

Alma 

.2 

'93 

Subtotal 

Genoa 

.3 
(2.7) 

'93 

Michigan 

UPG 
Subtotal 

Presque  Isle 

.6 
(.6) 

'91-'95 

Total 

14.5 

of  .017  $/ton-mile  this  is  a  $1.87  transportation  difference  that  Wyoming  coal 
would  have  to  make  up  with  lower  FOB  mine  price  to  equal  the  delivered  price 
of  Montana  coal.     For  example,   if  Colstrip  FOB  is  9.50,   Wyoming  "breakeven" 
FOB  is  9.50  less  1.87  or  7.63  as  shown  in  Table  F-2.     All  other  estimates  are 
derived  in  a  similar  manner,  except  where  actual   rail   tariffs  were  available. 
In  general  foremost  Minnesota,  Wisconsin,  and  Michigan  burn  sites,  Montana 
has  a  rail  advantage  of  200  to  300  miles  or  $3 JO  to  $5.00  per  ton.     We  have 
ignored  here  any  boiler  or  scrubber-related  costs  that  may  vary  due  to  coal 
characteristics. 
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Tab! 

e  F- 

-2 

Breakeven 

Wyonjing  Prices 

;  by 

Burn 

Site  for  Existing 

Montana 

Contract: 

s 

Montana  FOB 

Burn  Site 

9.50 

10.50 

state 

Utility 

Plant 

Wyoming  Break 

Even  Prlce^ 

Montana 

NPCo 

Corette 

7.63 

8.63 

Minnesota 

MPL 
NSP 

Clay  Boswell 

City  Plants 

Sherco 

4.91 
5.67 
4.94 

5.59 
6.67 
5.94 

Wisconsin 

WPL 
DP 

Nelson  Dewey 

Columbia 

Alma 

Genoa 

7.29 

3.61 

■     4.81 

4.21 

8.29 
4.61 
5.81 
5.21 

Michigan 

UPG 

Presque  Isle 

4.57 

5.57 

Source;  Based  on  actual  difference  In  rail  tariffs  where  known 
(eg.,  Columbia)  and  estimated  using  .017  $/ton-m11e  and  mileage 
difference  (tariff  or  estimated)  where  not  known.  Breakeven  Is 
not  corrected  for  BTU  content  difference  (1e,  assume  all  coal 
8700  BTU/lb). 


Given  an  actual  distribution  for  Wyoming  contract  prices,  It  Is  possible 
to  estimate  the  probability  that  Wyoming  will  secure  an  expiring  Montana 
contract  with  a  bid  less  than  or  equal  to  the  "breakeven"  price  by  burn  site. 
The  distribution  used  here  Is  the  lower  half  (10  observations)  of  the 
successful  Wyoming  bids  (contracts)  summarized  In  Figure  7  of  Chapter  III. 
The  mean  of  this  distribution  Is  7.33  $/ton,  with  a  range  of  $4.75  to  $8.72 
and  a  sample  standard  deviation  of  1.437.  This  mean  Is  below  but  close  to  the 
mean  for  new  Wyoming  contracts  suggested  to  us  by  the  Wyoming  Geological 
Survey  at  7.70  $/ton  and  is  accordingly  perhaps  a  little  pessimistic  (favoring 
Wyoming)  for  current  conditions.  More  impctantly,  it  may  be  very  pessimistic 
for  the  time  when  contracts  arQ   actually  renewed.  The  actual  mean  for  all 
Wyoming  contracts  is  9.77  $/ton.  It  is  obviously  difficult  to  predict  the 


aggregate  coal  market  1n  1990  to  1995.  The  following  results  may  well  be 
conservative  since  they  are  based  on  "soft"  market  conditions. 

For  purposes  o^  Illustration  and  simplicity,  it  is  assumed  that  Wyoming 
prices  are  normally  distributed.  Based  on  this  assumption  and  the  breakeven 
prices  in  Table  F-2,  the  probability  of  Wyoming  successfully  securing 
Montana's  expiring  contracts  is  summarized  by  burn  site  in  Table  F-3.  For 
example,  at  Corette,  we  estimate  the  probability  of  a  successful  Wyoming  bid 
at  82%  if  the  Montana  FOB  is  $10.50,  58%  at  9.50  and  31%  at  8.50.  The 
probability  of  a  Montana  contract  renewal  here  is  of  course  "one"  minus  the 
Wyoming  probability,  so  tnat  as  the  Montana  FOB  (bid)  price  declines  from 
10.50  to  9.50  to  8.50  the  likelihood  of  getting  the  contract  increases  from 
(1.00  minus  .82,  etc)  18%  to  42%  to  69%. 

It  should  be  noted  that  we  have  of  course  ignored  the  captive  mine  issue 
with  respect  to  Corette.  Similarly  we  ignore  the  presence  of  other 
competitors.  Almost  certainly  Nelson  Dewey,  Alma,  and  Genoa  (totaling  only  .7 
mtpy)  will  be  captured  by  low  sulfur  eastern  coals.  These  two  issues  tend  to 
cancel  in  the  results;  however,  these  burn  sites  are  retained  in  Table  F-3  to 
broaden  the  illustration. 

Price  difference  in  Table  F-3  for  Montana  FOB  can  of  course  be 
interpreted  as  price  reductions  due  to  severance  tax  changes  from  a  given  base 
price  (eg.  Montana  FOB  of  $9.50  or  $10.50).  For  policy  analysis  of  this 
decision  under  risk,  an  appropriate  criteria  is  the  expected  value  criteria: 

Expected  Value  (of  Policy  X)  =£lr^M(X)j 

Where tij  are  the  probabilities  of  the  relevant  "state  of  the  world"  (Wyoming 

I*  " 

or  Montana  gets  the  contract)  over  j  burn  sites. 
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M(X)j  ar:-;   the  physical  or  monetary  outcomes  (eg.  Montana  severance  tax 
revenue,  or  coal  production  levels)  associated  with  policy  "X"  (eg.  severance    0 
tax  reduction,  no  tax  reduction,  etc.)  at  burn  site  j. 

Table  F-3 

Probability  of  a  Successful   Wyoming  Bid  on 
"Expiring  MoTilanaTontracts  by  Burn  TTle 

Montana  FOB  Price  ($/ton) 
Quantity 
Burn  Site  (mtpy) 


.50 

9.50 

8.50 

.82 

.58 

.31 

.11 

.05 

.01 

.31 

.12 

.03 

.17 

.05 

.01 

.75 

•  .4<» 

.24 

.03 

.01 

.01 

.14 

.04 

.01 

.07 

.02 

.01 

.11 

.03 

.01 

Corette  .6 

Clay  Boswell  3.6 

NSP  City  Plants  2.3 

Sherco  4.5 

Nelson  Dewey  .2 

Columbia  2.0 

Alma  .2 

Genoa  .3 

Presque  Isle  .6 

Source:  Based  on  breakeven  prices  (Table  F-2)  and  against  a 
Wyoming  contract  (successful  bids)  price  distribution  with  a 
mean  of  733   S/ton  and  a  sample  standard  deviation  of  1.437 
(assumed  normal  distribution). 

In  short,  the  preceding  specification  takes  account  of  the  ^act  that 
changing  prices  through  severance  tax  reductions  does  not  guarantee  results 
but  rather  affects  the  probability  of  (here)  retaining  contracts.  As  can  be 
seen  in  Table  F-3,  at  most  sites  we  are  relatively  sure  of  retaining  contracts 
and  the  effect  of  $1.00  per  ton  (equivalent  to  50%  tax  reduction  at  $9.^0 
Montana  FOB)  price  reductions  is  small.  For  example  at  the  largest  contract, 
Sherco  units  1  and  2  near  Minneapolis,  at  S9.50  Montana  FOB  we  estimate  a  5' 
chance  of  a  Wyoming  contract.  The  tax  reduction  to  $8.50  reduces  this  to  l%. 
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Using  this  methodology,  the  probable  contract  renewals  (on  a  maximum  of 
14.3  mt,   as  the  Laskin  unit  is  excluded)   is  11.6  mtpy  at  $10.50  Montana  FOB, 
13.1  mtpy  at  $9.50  and  13.9  mtpy  at  $8.50.    As  developed  in  Table  F-4,  the 
probable  tax  revenue  with  no  change  in  tax  rate  is  around  $25  million  per 
year.    The  tax  revenue  with  a  50%  tax  cut  is  down  considerably  per  ton  and 
generates  only  a  small   probable  increase  in  tonnage  (1.5  mtpy  at  a  base  price 
of  $10.50  and  .8  mtpy  at  $9.50).     ^s  a  result,    the  conclusion  is  that  a  large 
tax  revenue  loss  is  likely  assuming  Montana  producers  are  at  $10.50  or  $9.50 
FOB  of  around  $13  million/year. 

Table  F-4 

Expected  Value  of  Annual  Severance  Tax  Revenues 
for  Changes  in  TaxTate  on  Contracts  Expiring  by  1995 

Cases 


Montana  FOB  Price  ($/ton) 

Category 

10.50 

9.50 

8.50 

Probable  quantity  of 
contract  renewals  (mtpy) 

11.6 

13.1 

13.9 

Tax  revenue,  no  tax  cut 
(million  $) 

25.7 

26.2 

24.9 

Tax  revenue,  50%  cut 
(million  $)  (by  initial 
base  price) 

13.1 

12.5 

Probable  net  loss  to  tax  cut 

12.6 

13.7 

Source;  Based  on  the  probabilities  of  contract  renewal 
provided  in  Table  F-5  and  assuming  Wyoming  is  the  only 
competitor.  (In  fact  Genoa,  Alma,  and  Nelson  Dewey  will 
all  go  to  Eastern  low  sulfur  coal  for  a  net  contract  loss 
of  .7  mtpy  and  offsetting  this  Corette  will  remain  captive 
at  .6  mtpy) . 

These  results  are  sensitive  of  course  to  the  assumed  bid  distribution. 
Alternatively,  if  we  were  certain  that  Wyoming  producers  would  bid,  say  S6/ton 
for  an  appropriate  coal,  we  could  also  use  the  breakeven  price  Table  F-2  to 
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calculate  the  consequences  of  a  "certainty"  case.  These  results  are 
summarized  In  Table  F-5.  As  Is  apparent  contract  renewals  are  not  sensitive 
to  a  Wyoming  price  range  of  $5  to  $8/ton  except  at  $10.50  Montana  FOB.  If 
Montana  coal  producers  cannot  offer  an  FOB  below  10.50  $/ton  U   so^'t  market 
conditions  they  are  In  trouble  on  contract  renewals  against  $5/ton  Wyoming. 
If  this  extreme  low  Wyoming  bid  and  high  Montana  bid  occurred  at  every  burn 
site  between  1990  and  1995  we  would  renew  only  2  mtpy  out  of  14.3.  A  tax  cut 
here  would  have  a  positive  Impact  by  getting  us  to  11.5  mtpy  for  a  net  tax 
revenue  gain  of  $7.1  million.  All  other  cases  show  a  net  loss  of  $10.3 
million  to  $16.6  million.  The  odds  of  the  $10.50  Montana  and  $5.00  Wyoming 
case  conslstantly  occurring  are  probably  quite  low.  In  fact  the  "probable" 
case  Is  what  has  been  outlined  In  Tables  F-3  and  F-4.  Clearly  the 
risk/benefit  result  Is  sensitive  to  the  assumed  price  distribution.  We  will 
know  a  lot  more  about  this  as  the  ra1d-1990's  approach.  On  a  simple  tax 
revenue  loss  basis  It  would  appear  that  the  "no  loose"  solution  here  Is  to 
defer  possible  tax  reductions  to  the  future. 
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Table  F-5 

Certainty  Case  Sumnia ry  of  Arinuol  Tax  Revenue  Loss  on 
Niontana  Coal  Contracts  Expiring  by  199? 

Wyoming  FOB  Mine  Price  ($/ton) 
Montana 

FOB  Price           5.00    6.00  7.00    8.00 

A;^  Quantity  of  Renewed  Montana  Contracts  (mtpy) 

10.50            2.0    11.5  13.8    13.8 

9.50           11.5    13.8  13.8    14.3 

8.50           13.5    13.5  14.3    14.3 

B.  Tax  Revenue  with  No  Tax  Cut  (million  $/yr) 
10.50            4.4    25.4  30.4    30.4 

9.50           23.0    27.6  27.6    28.6 

8.50           24.2    24.2  25.6    25.6 

C.  Tax  Revenue  with  50%  Cut  (million  $/yr) 
cut  to  9.50                        11.5         13.8  13.8         14.3 

cut  to  8.50                        12.2         12.2  12.9         12.9 

D.  Net  Loss  Due  to  Tax  Cut  (million  $/yr) 
Base  10.50          (7.1)   11.6  16.6    16.1 
Base  9.50          10.8    15.4  14.7    15.7 
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